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PREFACE. 



These notes were collected with a view to lecturing on the 
subject of Modem Military Explosives to tiie student officers 
at the Artillery School, Fort Monroe, Virginia. It was desired 
to give the officers a general knowledge of the modern explosives, 
including the composition and manufacture of the important 
military explosivea; the general chemical and physical prin- 
ciples involved in explosive phenomena; the principles govern- 
ing the storage, handling, and uses of exploaves in demolitions 
and disruptive work. 

No single work of recent publication appeared to cover this 
ground adequately. The admirable work of Guttmann' is 
adapted rather to manufacturers, goes too minutely into details 
of manufacture, and includes some explosives not of special 
interest to military men. The lectures of Munroe ^ and Walke ' 
do not include the advances in explosives, especially in the 
nitro-powders, that have occurred since the later 90's. Ber- 
thelot's celebrated work is limited too strictly to the chemical 
and physdcal facts pertaining to explosive reactions. 

After reviewing the field, it seemed that the only practical 

' The MaDufacture of Explodvoa. Bj Oscar Guttmann. (Whittaker A 
Comp&njr.) 

'Leotureson Chemistry and Explosives. ByProfesBorChariesE. Munroe, 
Cbemiat to Torp«do Corps, U. S. Nav;. (Torpedo SUtioD Print.) 

■ Lectures on Explosives. Bj Wilkiui^by Walke, Fiist lieutenant, Fiftb 
V. S. Artillery. (John Wiley A, Sods.) 

iii 



Dg,tze:Jb.LlOOgle 
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way to present the desired information was to collect from all 
av^lafole authorities and sources the facts desired, and arrange 
them in logical sequence. 

This, accordingly, has been attempted. All the works named 
above and other pubhcations, have been consulted and drawn 
upon, including Eissler's,^ Wisser's,^ Bernadou's,^ Bloxam's,* 
Tillman's,' and many current publications, including Reports 
of the Chief of Ordnance, U. S. Army; the Proceedings of the 
American and British Chemical Societies, Journal of the Society 
of Chemical Industry, Arms and Explosives, Proceedings of the 
Franklin Institute, Proceedings of the U. S. Naval Institute, 
Scientific American, Engineering, The Engineer, Journal of the 
Military Service Institution, Journal of the U. S. Artillery, and 
the Army service papers. 

Owing to the fact that some of the officers of the classes 
had little or no knowledge of chemistry, it was found necessary 
to prepare a preliminary chapter on the principles of chemistry. 
The attempt has been made to do this in a statement of these 
principles in as simple terms and as briefly as possible. With 
a view to a better understanding of these principles, the theoreti- 
cal statement of them has been reinforced by a few laboratory 
experiments, arranged with a view to illustrating the text 
proper. In a general way, these chemistry notes follow the 
method of treatment given in the first chapter of Tillman's 
General Descriptive Chemistry. A set of simple laboratory 
rules and notes is added for the benefit of those who have had 
no laboratory experience. 

' A Handbook of Modem Explodvee. By M. Eualer. 

' Explosive Mftteriala. By First Lieutenant Jobu P. Wieser, First Artil- 
leiy. (No. 70, Van Nostrand Science Series.) 

■ Smokeless Powder, Nitrocellulose, and the Theoiy of the Cellulose Mole- 
cule. By John B. Bemadou, Lieutenant, U. S. Navy. 

* CbemiBtry, Inorganic and Organic, with Experiments. By the late 
Ciiarlee Loudon Bloxam, Professor of Chemistiy in the Department of Artil- 
lery, Woolwich. 

* Descriptive General Chemistry. By Colonel S. E. Tillman, U. S. Army, 
ProfeBSor of Chemistty, U. S. Military Academy. 



D,g,tza:Jb.GOOglC 



In connection with the preparation of theae notes, moat 
of the important powder-works and depots in the United 
States have been visited. 1 am under obligation for in- 
formation and courtesies to the following individuals: the 
Messrs., Dupont, of Wilmington, Del.; Professor H. F. Brown, 
Gener^ Superintendent of the International Powder Works at 
Parlin, N. J.; the late Captain H. C. Aspinwall, General Super- 
intendent of the Laflin & Rand Powder Works at Pomptoo, 
N. J.; the Chief of Ordnance, U. S. Army; the Chief of the 
Bureau of Ordnance, Navy Department; Major Orin B. Mitcham, 
Ordnance Department, U. S. A., Inspector of Powder, U. S. A.; 
Major Willoughby Walke, Artillery Corps, U.S.A.; Captain C. C. 
Williams, Ordnance Department, U. S. A.; Mr. Albert P. Sy, 
Chemist, late Chief Chemist U. S. Proving Grounds, Sandy 
Hook, N. J. 

I am tmder special obligations to Major B. W. Dunn, 
Ordinance Department, U.S. A.; Captain John D. Barrette, 
Artillery Corps, U. S. A. ; Captain Percy P. Bishop, Artillery 
Corpe, U. S. A., and Captain Stanley D. Embick, Artillery 
Corps, U. S. A., for information, suggestions and asaatance 
conlributed. 

The facts pert^ning to magazines and demolitions are de- 
rived chiefly from the professional manuals of the Royal En- 
gineers. 

No attempt has been made to include those explosives 
which have no military application, or experimental explosives, 
the numbers of which are so great as to be beyond the limits 
of description in a treatise Uke this. Such explosives may be 
found enumerated and briefly described in Cundill's Dictionary 
of Explosives. 

The rules of the American Railway Association governing 
the transportation of explosives are given in the Appendix, 
E. M. Weaver. 

VABHIIIQTOir, D. C., 

Bept. IS, l»Oe. 
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NOTES ON MILITARY EXPLOSIVES. 



PSINCIPLES OF CHEHISTRT. 

I. Before entering upon a study of explodves it ia deedr- 
sble that some knowledge be had of the fundamental chemical 
principles involved in the composition of explosive substances 
and in the changes which take place in connection with explosive 
phenomena. To this end a brief review will be given of the 
simple chemical taws, the system of notation, the meaning of 
diemical reactions, the relations of volumes and wei^ta in 
theae reactions, and problems ari^ng thereunder. 

Forms of Matter. 
3. As a foundation, it is well to have some conception of 
the forms of matter as generally conceived at the present time. 
With this in view it > is convenient to consider matter as 
'Occurring in the three following forms: 

(a) In the mass; including all a^regations from the smallest 

quantity perceptible to our senses to the great masses 
of the heavenly bodies. 

(b) In the molecule; which is defined to be that portion of 

a substance which has reached the Umit of subdivision 
by phyidcal means; that smallest portion of a given 
mass of a substance which, in a progresuve process 
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I NOTES ON MILITARY EXPLOSIVES. 

of subdivision, would retain aU and only the propertiea 
of the stibstanee. If by any means a further sub- 
divi^on be effected, some or all of the properties of 
the substance would be changed, 
(c) In the atom; which is the smallest portion of any given 
kind of simple matter that has been differentiated 
in scientific investigations by reasoning processes.' 

3. The atom is the ultimate unit of matter so far as known; ' 
the molecule is an a^regation of atoms; the mass, or body, is 
an aggregation of molecules. 

4. A body may be homogensoua, like a piece of copper or 
salt, or heterogeneous, like a piece of granite. Homogeneous 
bodies cont^n only one kind of matter; heterogeneous, more 
than one kind; granite, for example, is made up of three kinds 
of matter called, respectively, feldspar, quartz, and mica. 

5. Homogeneous matter implies only similarity of the mole- 
cules; it is made up of similar molecules. With similar mole- 
cules there would of course, from the definition of a molecule, 
be mmilar phydcal properties throughout the mass. 

6. It is known that molecules are of two kinds also: those 
made up of atoms of the same kind and those made up of aioma- 
of different kinds. The former are called elem,enlarymohcvles; 
the latter, compotmd molecules. 

' As a neult of inveetigations consequent od tbe discoveiy of radium 
and th« properties of other radio-active subatouces, a. new theoiy of tbe 
constitutioD of matter haa recently been enunciated by Prof. J. J. Tbomaon, 
F.R.S. According to this theory, the atom of any elementary substance ia 
made up of particles charged with negative electricity, suspended throughout 
a Larger maas charged vrith positive electricity. The number of negative 
particles and the resulting attractions and repulsions between the charge^ 
negative and positive masses determine the constitution of the atom. The 
negative particles are called corptucuka, and the theory, from these, is called 
the corpuiaikw theory of maOer. Since the atom is ordinarily neutral, tbe 
quantity of negative charge must equal the quantity of positive charge. Tbe 
maas of a corpuscule is constant, and is computed to be about jY^g of tbe 
mass of the hydrogen atom. Assuming tbe corpuscule to be a sphere, its- 
radius is computed to be about 10~" cm., and its ratio to the radius of the 
hydrogen atom about 10~'. The masses positively oharged appear to vary;, 
the smallest, however, ia at least equal to the hydrogen atom. 
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PRINCIPLES OF CHEMISTRY. i 

7. Homogeoeous bodies made up of the same elementary 
molecules are called elements; if made up of compound mole- 
cules, they are called compounds. 

8. Any body will be either (1) homogeneous and an element 
or a compound, or (2) helerogeneom, made up of different ele- 
ments or compounds, or a mixture of theae two claHses; this 
form of matter is also called a mixture. 

9. More than seventy elements have been isolated; that is, 
so far as known at present there are at least this number of 
different aioms. Future investigations may discover uew ele- 
ments, or disclose that some now thought to be elements are 
compounds. 

Properties of Atoms. 

10. The atom of each element has its own proper weight, 
which is different from the weight of any other atom. The 
light«st known atom is that of the element Hydrogen; the 
weights of all other atoms are expressed in terms of the weight 
of the hydrc^n atom as a unit. 

11. The elements are grouped into two classes, namely: 

(1) The metals; those possessing properties hke copper, 

iron, gold, etc. 

(2) The non-metak; those possessing properties like carbon 

(charcoal, graphite, diamond), sulphur, phosphorus, 
etc. 

12. The following are the names of the most important 
elements, and opposite each name is placed the weight of its 
atom in terms of the hydrogen atom as unity. 





METALS. 


K»in» 


At. Wt. Symbcd. 


1. Potassium 


.... 38.8 K'(Kalium) 






3. Barium 


.... 136.4 Bft" 


4. Strontium 


. .. . 86.9 Sr" 


5. Calcium 


.... 39.8 C»" 




.... 24.1 Mg" 


7. AlumiDum 


.... 26.9 Al'" 




.... 64.9 Zn" 
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VElttlA—Cotdmuid. 

Nuiw. At. Wt. STmbaL Vdnejr. 

9. Nickel 68.2 Ni"/"' Uorlll. 

10. Cobalt W.B Co"/*" i U or III. 

11. Iron K.fi Fe"/"" (Fwrum) -II or III. 

12. Manganeae M.O Hn"/rr II or IV. 

13. Chromium 51 .7 Cr"'/»i UI or VI. 

14. Copper 63.1 Cu'/" (Cuprum) lorll. 

15. Lead 206.3 Pb" {Plumbum) U. 

16. Tin 118.1 8n"/iT (Stamium) n op IV. 

17. Tungsten 182.6 Wti CWolfmmium) VI. 

18. Antimony 119.5 Sb"'/T (Stibium) III or V. 

19. Mercury 198.6 Hg'/" (HydrarCTnan) [I or II. 

20. Silver 107.1 Ag' (Argontum) I. 

21. Gold 195.7 Au'" (Aurum) III. 

22. Platinum 193.4 Pt"/iT IlorlV. 

NON-BiETALS. 

1. Oxygen 15.8 O" ' II. 

2. Hydrogen. 1.0 H' I. 

3. Nitrogen 13.9 N"'A IllotV. 

4. Carbon 11.9 C" IV. 

6. Silicon 28.2 Si" IV. 

6. Sulphur. 31.8 S" U. 

7. Phosphorus 30.7 V"/r HI or V. 

8. Chlorine -36.1 CI' I. 

9. Iodine 126.9 I' I. 

10. Bromine 79.3 Br* I. 

11. Fluorine. 18.9 F* I. 

13. These twenty-two metals and eleven non-metals, either 
separately or in combination, make up more than ninety per 
cent of all known matter. The weights of these atoms are 
the conetante in fdl chemical computations in which they enter. 
Where the weight is greater or less than 5 after the decinud 
point, it will be sufficient to take the nearest unit in ordinary 
chemical computations. 

■ As to the standard for atomic weights, some chemists prefer to take 
thewei^tof the oxygen atom asthe standard.callingit 16, instead of that 
of the hydrogen atom, unity. The reason for this is that oxygen forms a 
greater number of compounds, and they are susceptible of more exact 
analyMB than many of the hydrogn compounds. An uncertainty exists as 
to the ratio between the atomic wei^ts of H and O. Late det«niiinatioDS 
make 0-15.8 when H-1, or H-1.008 when 0-16. 
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14. Besides weight, atoms possess another important prop- 
erty. They have mvtual attractwns for the same kind and for 
certain different kinds of atoms. The intensUy of thess attrac- 
tions vary for different atoms, but, like the weights, are always 
constant for the same atom. This attraction existing among 
atoms is called affinity, or cketnicdl affinity. Just as gravity or 
toeigkt ia a property of matter in mass, by means of which 
bodies fall to the earth, so affinity is a property of atoms, by 
means of which they come together and combine, when released 
from one set of conditions in a molecule, to form a new set in 
a new molecule. Atoms do not as a rule exist separately in 
nature; if free, they will associate themselves either with atoms 
of the same kind or with atoms of a different kind, forming 
thereby the elementary and amtpoimd molecules described above. 

15. Atoms have still another important property. In the 
molecules formed by the action of the so-called force of affinity, 
as described in the last paragraph, it is found that one atom 
requires one, two, three, and so on, atoms of other elements to 
combine with it to form molecules. This property of atoms which 
determines the relative number of atoms, in any case, that enter 
into chemical combination in forming molecules is called valency. 

16. Elements are classified according to the valency of their 
respective atoms. The valency of the hydrogen atom is taken 
as the unit of valency. 

17. There are certun atoms that do not combine with the 
hydrogen atom. The valency of the atoms of elements whose 
atoms do not combine directly with the hydrogen atom is 
determined through their combination with the atom of some 
element that does combine with the hydrogen atom. Thus; 
tlie lead atom and the zinc atom do not combine with the hydro- 
gen atom, but all three of these atoms combine separately with 
the oxygen atom, and from this fact the relative valencies of the 
lead and zinc atoms may be obtained with respect to hydrogen. 

18. An element whose atom has the same combining power 
(valency) as the hydrt^n atom, that is, combines atom for 
atom with the hydrogen atom or its equivalent, is said to be 
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vnivaient, or is caJled a monad. Ad element whose atom has 
twice the combining power of the hydrogen atom, that is, will 
combine with two atoms of hydrc^n, or two atoms of any 
univalent element, is said to be bivalent, or ia called a dyad. 
An element whose atom has three times the valency of the 
hydrogen atom is said to be trivalent, or is called a triad, and 
so on. The degree of valency is represented by small ticks or 
Roman numerals placed to the right and above the atomic sym- 
bol, thus: H',0",N"',C7' (see table, pagesS and 4, for valencies). 

Notation. 

19. For convenience, atoms are represented in chemistry 
by symbols. These symbols are the initial letters of the ordinary 
or Latin names of the elements, or the initial and one other 
letter selected tberefrom. These symbols are also often used 
as abbreviations of the name of the element. These two uses 
should be kept distinctly in the mind. In all chemical equa^ 
tions and computations the symbols represent definitely the 
wei^ts of atoms. The symbols of the more important ele- 
ments will be found in the table on pages 3 and 4. 

30. A sin^e atom is represented by the ample S3rmbol. 
Thus: one atom of hydrogen, H; one atom of caJcium, Ca; 
one atom of lead, Pb. 

ai. Two or more atoms may be represented either by placing 
the number as 'a coefficient in front of the symbol, or writing 
it as a subscript to the right and below. Thus: two atoms of 
oxygen, 20 or O2; three atoms of iron, 3Fe or Fca- 

33. An elementary molecule composed of two atoms would 
be indicated as explained in the last paragraph. Thus, the 
molecule of nitrogen contains two atoms; it is represented by 
N2. The molecule of phosphorus contains four atoms; itfi 
molecule would be expressed by P4. 

23. A compound molecule is represented by writing the 
symbol of each element which enters it side by ade, and giving 
to each symbol a numeral subscript to indicate the number of 
«toms of each element. Thus: the molecule of sulphuric acid 



D,g,tza:Jb.GOOglC 



PfUNaPLES OF CHEMISTRY. ^ 

is known to contain two atoois of hydrogen, one atom of sul- 
phur, and four atoms of oxygen; it would be represented in 
symbolic notation by HaSO*. In the same way, the molecule 
of alcohol is known to contain two atoms of carbon, ax atoms 
of hydrogen, and one atom of oxygen; its molecular symbol 
would be CsHbO, The group of symbols used to represent a 
compound molecule is called the formula of the compound, or 
the molecular formula of the compound. 

34. In case two or more molecules of the same compound 
MB considered, the proper coefficient is placed before the symbol, 
or a parenthesia may be placed about the symbol and the 
number of molecules indicated by a numeral subscript. Thus: 
two molecules of sulphuric acid, 2ilS04 or (HzS04)2; three 
molecules of alcohol, XzHoO or (CzHaO)3. 



25. These symbols are made use of in chemical writings in 
indicating the changes which take place when chemically inter- 
active substances are brought together under conditions which 
excite or permit interaction among their constituents. This is 
done by representing the substances which are brought together 
by their proper symbols, writing the sign plus (+) between the^' 
symbols of the separate substances used, writing the equality 
sign (=) after the last substance used, thei> writing, in the 
same way, the symbols of the substances resulting from the 
chemical combinations which have taken place. That is, the 
form of an equation is made use of to abbreviate ihe desaiption 
that wmtid otherwise be necessary. For example, the fact that 
58 parts by weight of common salt (symbol NaCl) mixed with 
63 parts of nitric acid (symbol HNO3) produces 85 parts of 
sodium nitrate (symbol NaNOg) and 36 parts of hydrochloric 
acid (symbol HQ) would be represented thus: 
NaCl + HNOs = NaNOg + Ha. 

Such an equation is only a means to abbreviate the description 
of chemical changes by using symbols. It is called a reac' 
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tion. The substaQces on the left of the equality sign are called 
reagents; those on the right, products, 

36. It should be kept clearly in mind that such equations 
are quite different from algebraic equations. No mathematical 
operations can be performed with them. They simply express 
the fact that the substances on the left of the' equality sign will 
produce those on the right. The total numbers of each kind 
of atom and the total weights must, of course, be the same on 
each ade; in this sense, only, are reactions equations. 

37. There are three kinds of reactions, namely, analytical, 
synthetical, met(Uketicai. Ad analytical reaction involves a dis- 
integration of a compound, separating the constituent elements, 
or reducing it to simpler chemical forms. For example, lime- 
stone is a compound of carbon, oxygen, and calcium, and if a 
piece of limestone be heated, some of the carbon and oxygen 
will pass off, in combination, as a gas, leaving the calcium and 
the rest of the oxygen in combination. This reaction may be 
repreaentfid as follows : 

CaCOs + heat " CaO + COa 



A synth^ical reaction involves a combination of elemeota 
or compounds and the formation of substances of a more com- 
plex nature than the ori^nfd ones. Thus, if sulphur be heated 
to a hif^ temperature in an atmosphere of oxygen, the oxygen 
and sulphur will combine, forming a sulphur-oxygen compoimd. 
The reaction would be represented as follows: 

8 + 02=808. 

If this compound be mixed with water, a new compound is 
formed, the reaction being represented as follows: 

, S03 + H80-H280a. 

A metaih^al reaction involves the interchange of atoms 
between two substances, or the displacement of one element 
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in a compound by a single separate element or a group of ele- 
ments. Thus, if a solution of common salt (sodium chloride) 
be treated with a solution of silver nitrate, the sodium of the 
salt and the silver of the nitrate will exchange places, giving 
silver chloride and sodium nitrate, the reaction being repre- 
sented as follows: 

Naa+AgN08=Aga + NaN08. 

Again, if metallic zinc be immersed in hydrochloric add, 
the zinc will displace the hydrogen of the acid, the reaction 
bdng represented as follows: 

2Ha4-Zn = ZDCIa+Ha. 

Nomenclature. 

38. There are certain rules followed in the naming of the 
elements and compounds which may be briefly stated as follows: 

2(). The more recently discovered melah have names ending 
in vm, and some of the more recently discovered non-metaU 
have names ending in tne. Examples : metals — sodium, 
ferrum; noo-metab — chlorine, iodine. 

30. Compmmds composed of two elements are called hiiMry 
compounds. Such compounds are written with the symbol of 
the non-metiJ or the more non-metallic element last, and the 
name of the compound is given by the name of the first element 
followed by the name of the second element with the ending 
ide. Thus: common salt is a compound of the metal sodium 
and the non-metal chlorine; its symbol would be written thus, 
NaCl, and its name is pven by the name of the metal followed 
by the name of the non-metal, replacing the ending ine by 
ide, making the full name of the binary sodium chloride. 
In the same way, FeO is iron oxide; NO, nitrogen oxide; CO, 
carbon oxide. 

31. The combination of oxygen with another element fol- 
lows this nomenclature rule, forming a large class of binary 
compounds called "oxides." Oxygen combines with a great 
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many elements, some metallic and others Qon-metallic; > the 
resulting binary compounds constitute two distinct classes of 
oxides. These two classes have distinct properties, and are 
called, respectively, the metallic or basic oxidee aad the non- 
metaUic or add oxides. 

32. The terms base and basic, acid and acidic have im- 
portant meanings in chemistry. They are suggestive of the 
manner in which the force of affinity will act in any particular 
case. Bases and acids are the opposites in chemical action. 
A substance that possesses basic properties suggests chemical 
union with a substance possessing acidic properties. The ten- 
dency of bases and acids to combine depends on their strengths 
as bases and acids; the strongest or most pronounced bases 
have the greatest tendency to unite chemically with the strongest 
acids. As the two classes — bases and acids — approach each 
other in the scale of chemical affinity, the tendency to unite is 
less marked. Difference of chemical affinity is, as it were, a 
difference of chemical potential. As difference of electrical 
potential suggests capacity for electrical work, so the relative 
basic or acidic properties of substances suggest capacity for 
chemical combination. 

33. Speaking generally, the result of the combination of 
basic and acidic substances is a third class of substances called 
salts. Many salts possess neither basic nor acidic properties: 
they are the chemical neutrals; such represent zero difference 
of chemical potential under the particular conditions. 

34. There are simple tests to determine whether certwn 
particular substances are basic, acidic, or neutral. A substance 
that is chemically active as an acid will turn blue litmus red; 
one that is chemically active as a base will turn reddened litmus 
blue. A salt that b perfectly neutral will have no effect on 
either red or blue litmus. There are other color tests for acids 
and bases, and, of course, the whole range of chemical reactions 
to determine the basic, acidic, or neutral properties of aub- 

' See Experiments Nob. 1 and 3. 
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Stances and the degree thereof, but the litmus test is sufficient 
for the Umite of these notes. 

35. The principles g?ven in paragraphs 32 and 33 give rise 
to a general classification of substances into bases, adds, and 
mils. 

36. There are other rules governing the naming of com- 
pounds which may be introduced here. 

37. Both prefixes and sufflxes are resorted to to specify par- 
ticular compounds. For example, nitrogen combines with 
oxygen in several proportions, forming separate oxides; these 
may be written as follows: 

1. NzO Nitrogen rrumoxide. 

2. N2O2 Nitrogen dioxide. 

3. N^Os Nitrogen trioTdde. 

4. NzO* Nitrogen fefraoxide. 

5. N2O6 Nitrogen ^wntoxide. 

They are designated by using the prefixes mtmr, di-, trir, tetra-, 
aad^perU- before the word oxide, as indicated above. 

38. Binary compounds in which there are three atoms of the 
second element to two atoms of the first element may be desig- 
nated by the prefix sesqui- placed before the second with its 
proper ending. Thus, N2O3 is nitrogen sesquioxide; FczOs is 
iron sesquioxide; Sb^Sg is antimony sesquisulphide. 

39. The suffixes -ous and -ic are used after the first element 
of a binary compound to indicate which of two compounds is 
meant, in cases where but two compounds are formed between 
the two elements con»dered, or in cases where there are several 
and two are more important. Thus: sulphur forms two princi- 
pal oxides, namely, SO2 and SOg; the first, or lower, degree of 
oxidation takes the suffix -mis, being called sulphurous oxide 
(or sulphur dioxide) ; the second, or higher, oxide takes the 
suffix -tc and is called sulphuric oxide (or sulphur trioTcide). 
Also, iron forms three oxides, FeO, FejOa, and FeaOj; the first 
is called ferrous oxide, and the second ferric oxide. 
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40. The prefix hypo- is sometimes used before a com[>ound 
to indicate a still lower degree of oxidatioD than the -ous. Thus, 
there is a ^.^posulphurous acid which cont^ns leas oxygen than 
sulphurous acid. 

41. The prefix hyper- is similarly used before compounds to 
indicate a higher oxidation; and the prefix per- to indicate the - 
highest degree of oxidation. Thus FesO^ above is the peroxide 
of iron, or iron peroxide, 

43. While these uses of prefixes and suffixes are explained 
for oxides only, they may be used also in the case of other 
compounds; in all cases they indicate the degree of combina- 
tion of the non-metaUic element. Thus, mercury has two 
chlorides, HgCl and HgClj. The former is mercury mono- 
chloride, or mercuroiM chloride; the tatter is meroury (fichloride, 
or mercuric chloride, or mercury perchloride. 

43. Instead of using the metal or more metallic element as 
an adjective and the non-metal or more non-metallic element 
as a noun, it is just as correct to use the prepositional phrase 
equivaieni. For example, instead of nitrogen dioxide, the dioxide 
of nitrogen; instead of mercury perchloride, the perchloride of 
mercury, etc. 

44. The prefix proto- is sometimes used to indicate an atom 
for atom combination; thus, HgCl above is sometimes called 
the protochloride of mercury, PbO, the protoxide of lead, etc. 

45. Many of the acid oxides, like S03, SO3, COa, NaOg, etc., 
unite with water, H^O, forming a class of compounds known 
as oxyaads.^ These possess in a marked degree acid properties, 
combining readily with bafiee to form salts. 

46. Oxides which thus unite with water to form oxyacids 
are sometimes called add anhydrides, or simply anhydrides. 

47. The oxyacids are designated by the same suffixes ae the 
acid oxides which form them; thus, sulphurowa oxide (SO2) 
forms sulphurous add, and sulphuric oxide {SO3) forms sul- 
phuric acid, etc. This may be represented by reactions thus: 

' See Ezperiment No. S. 
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48. The salts formed from acids having the -mis suffix are 
designated by the suffix -ite.' Thus, salts fonned from sulphur- 
ous add are called sulphites; from nitroua acid, nitrites, etc. 

49. The salts formed from acids having the -ic suffix are 
designated by the suffix -aie.^ Thus, salts formed from sul- 
phuric acid are called sulphates; from nitric acid, nitrates; from 
carbonic acid, carbonates, etc. 

50. There is another class of adds which do not contain 
oxygen. These are called hydracids.' They contain only hy- 
drogen and some non-metal. Such acids are HCt, called 
hydrochloric acid, and HS2, called sulphydric acid. 

51. The salts formed from hydradds take names according 
to the birutTy rule; * salts from HCl are called chlorides; from 
sulphydric add, sulphides, 

S3. Both oxyacids and hydradds contain hydrogen, and 
the fundamental characteristic and most important chemical 
property of these adds is that they leiU often exchange aU or 
a portion of the hydrogen they contain for a metal, whether the 
metal be alone or in combination with other elements,* forming 
thereby salts. 

53. The term basicity is used with respect to adds to indi- 
cate the number of hydrogen atoms which are replaceable by 
a metal or equivalent in chemical union. Thus, H2SO4 is a 
bSiasic acid, HCl is monobasic, etc., since in the former two 
atoms of hydr<^n are replaceable by a metal or equivalent, 
and in the latter there is but one atom to be so replaced. 

54. Some of the common adds are indicated by the follow- 
ing names and formulas of their molecules: 

' Bee Experiment No. 10. * See Experiment No. S. 

' See Experiment No. It. • See Experiment No. 7. 
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HO NO BASIC Anna. bibabic acids. 

Hydrochloric. ... HCi Sulphydric. . . HaS 

Nitrous HNO2 Sulphurous. .. HzSOs 

Nitric HNO3 Sulphuric H2S04 

Carbonic H2CO3 

Hydrie H2O (see par. 58). 

55. Acida may be graded, according to their respective 
avidities, with respect to nitric acid as a standard. The term 
avidity being used to indicate the proportion of a base tbat 
any given acid will combine with, when equivalent quantities 
of the given acid and nitric acid are mixed separately, with a 
solution of the ^ven base. Any base may be used. The 
avidities of the three standard acids at ordinary temperatures 
have been established as follows: HN08 = 1; H2SO4=0.5; 
HC1 = 1. That is, in solutions of equal concentration HCI and 
HNO3 are stronger acids than H2SO4. But if heat be applied, 
the greater volatility of the first two will enable HaSO* to dis- 
place them from salts. 

56. A bibaac acid may fonn three kinds of salts, depending 
on whether all of the hydrogen or a portion only is replaced, 
and whether one or two metals are used. These salts are named 
as follows: 

Acid salt, when only half the hydrogen is replaced.' 
Normal salt, when all of the hydrogen is replaced and by 

one^ metal. 
Doiible sail, when all of the hydrogen is replaced and by two 

metals. 







EXAMPLES. 






+ 


Na 


= 


NaHSO, 


"ST". 


+ 


Naj 


- 


NasSO, 

NonB.1 i«diiiDi 
Bulpb.te 




+ 


Na + K 

Sodium .Dd 


= 


NaKSO. 

Double .odium. 



' S«e (a), ExperimeDt No. 10. 
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57. Compounds contiuimig three different elementa are 
called ternary compoundsj e.g., H2SO4; those containing four 
different elementa are called quaiemary compounds; e.g., 
NaKSO*; etc. 

58. The principal basic substances are the metallic oxides > 
and another group of substances called hydroxides. Oxygen 
combines with hydrogen in two proportions: first, one atom 
of oxygen to two atoms of hydrogen, forming vxAer; and, 
secondly, one atom of oxygen to one atom of hydrt^n, fonning 
kydroxyl. Water exists in nature as a stable liquid; hydroxyl 
exists only in an imagnary way in combination with some metal 
or other chemical equivalent. .In the table of acids on page 
14 it is to be noted that water is classed as an acid. It comes 
under this clasafication only in that it has the property of 
exchanging its hydrogen for certain metals. (It is neutral to 
blue litmus and has no other characteristic acid property.) The 
most important in a chemical sense of these metals are potassium, 
sodium, lithium, camttm, rubidium; especiaUy the first two. 
These or their oxides act. on water directly to decompose it 
displacing one of the two hydrogen atoms,' thus: 



2H.0 


+ K2 = 


2KH0 


+ H^ 
















hjdwpn 



The oxides of these metals form hydroxides, as follows: 

KaO + H30 = 2KHO, 
without giving off free hydr<^n. 

59. Metallic oxides which combine with water to form 
hydroxides are sometimes called basic anhydrides. 

60. The rule for writing and naming oxides applies to 

' The oxides of the metala as & rule neutralise scida, forming aalta, and 
behave in this viay as bases. There are aome fen metallic ozidw like 8nO, and 
Sb,0„ which are "anhydrides," forming acids with water. No non-metallic 
oKide is known to have basjopropertiee. There is another classof oxides, bolh 
metallic and Don-metallic, which are neutral, such as water {H,0), and the 
black oxide of manganese, MnO,. But the general rule is that metaUic 
oxida are banc and tum-mebiltic oxides are add, 

'See (a), Experiment No. 2. 
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hydroxides. HO is written after the metal and the ending 
ide- is used; thus, KHO is potassium hydroxide, or hydroxide 
of potassium. 

6i. The hydroxides of the metals named in paragraph 58 
constitute a group of the strongest bases and are called alkalies. 
One other hydroxide is included in the alkalies, namely, 
ammonium hydroxide, NH^CHO). 

6a. A second group of hydroxides, fonned by the direct 
action of metals or their oxides on water,^ are those Itnown 
as the alkaiine earths. These are the hydroxides of calcium, 
CaCHOa); barium, Ba(H0)3; strontium, Sr(H0)2; and mag- 
nesium, Mg(H0)3. These raDk,next to the alkalies in strength 
as bases. 

63. The hydroxides of other metals cannot be formed 
directly by the action of the metals or their oxides on water.' 
They are formed by combining one of the alkalies or alkaline 
earths in solution with a solution of some soluble salt of the 
metal. Thus, zinc hydroxide may be formed by mixing a 
solution of zinc chloride with a solution of potassium hydroxide, 
the reaction being represented thus: 

Zna - 2KH0 = Zn(HO) - 2Ka 

Zioe- Pounium- Ziae- PoUHium- 

ohlorida hydmidds hydniaida ohioiida 

Bolution Hlution eolid hIuUod 

64. In general and for the purposes of these notes, it may 
therefore be said that substances may be classified chemically 
as follows: 

Oxides of tlie non-metals (acid oxides). 
Oxyacids (union of acid oxides with water). 
Hydracids (union of hydrogen with certain non- 
metals, but not oxygen). 
Oxides of the metals (basic oxides). 
Bases. ■ Hydroxides (union of baac oxide or metal with 

water) . 
Salts. Neutral substances resulting from the combination 
of acids and bases. 
■ See (6), ErperimeDt No. 2. ■ See (c), Experiment No. 2. 



Acids. 



db.Googlc 



PRINCtPlES OF CHEMISTRY. 



65. It has been stated that oxygen may be consddered as 
existing in combination with hydrogen in chemical substances 
in the proportion of one atom of oxygen to one atom of hydro- 
gen, HO, and that the name hydroxy! has been given to this 
particular combination. It should be understood here that 
there is no substance in nature existing separately, having 
the molecular formula HO. The oxides of hydrogen which 
do so exist are HsOj and H2O, The combination HO is 
therefore purely imaginary. The assumptioa of its existence 
is made because, in the chemical changes which take place in 
the formation and decomposition of the class of hydroxides 
the proportions of hydrogen and oxygen represented by HO 
are found invariably associated together. Groups of atoms 
which are found to thus persist together throughout chemical reac- 
tions are called compound radicals, or often simply radicals. 
(The atoms of the elements are the "elementary radicals.") Often 
such groups are written either inclosed in parentheses or pointed 
off by periods thus: K.HO or K(HO); Zn(H0)2; Ca(H0)2. 
There are many possible groupings of atoms, but only those 
which are found to exist in chemical analysis and synthesis are 
legitimate radicals. 

66. Compound radicals are considered to have valencies the 
same as atoms of elements. Hydroxyl, for example, is univalent 
and will combine with only one univalent atom or another 
univalent compound radical. Other important compound radi- 
cals are: 

Amidogen NHa', valency 1. 

Methyl CH3', valency 1, 

Carbonyl CO'', valency 2. 

Nitroxyl or nitryl N02', valency 1. 

Cyanogen CN', valency 1. 

67. Compound radicals have basic or acid properties or 
are neutral, the same as elementary radicals. Radicals com- 
posed of the two elements carbon • and hydrogen only, are 
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usufdiy basic; if oxygen is also presentj the radical is usually 
acid. 

68. Basic radicals, whether compound or elementary^ are 
electropositive; acid, electronegative.* 

Graphic Fonnulas. 

69. The valency of atoms and compound molecules, and 
the manner in which the units of valency in any molecule are 
satisfied or grouped, are often represented graphically by join- 
ing together the symbols with small lines, each line representing 
a unit of valency. Thus, for 

Hydrochloric acid, H'Cl', we may write H— CI 
Water, H/O", " " " H— 0— H 

Ammonia, Hs'N'", " " " H— N— H 

I 
H 

H 

Marsh-gas, H4'C" " " " H— C— H 



k 



The manner in which valency is satisfied by such graphic 
formulas may be understood better, perhaps, by imagining 
each atom, as represented by its symbol, to have bonds or 
hooks extending from it, and each bond or hook having capacity 
for engaging with a free bond or hook of another atom. Sup- 
pose, for example, that the H's, in the above formulas, are 
connected with the other bonds or hooks as indicated by the 
lines between the letters. 

The hooks linking, or the bonds attaching them together, 
in a measure represent the idea involved in "satisfying " units 
of valency. Such formulas are called graphic or siructvral for- 
mulas. They merely indicate how valency may be supposed to 
be satisfied in combinations. They do not represent the rela- 
tive positions of atoms in molecules. 

' This fact has a bearing 00 the oorpuHCuhr theory of matter (see note 
bottom of page 2). 
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70. When all the units of valency are satisfied, as in the 
groups in paragraph 69, the molecule is said to be saiuraied. 

71. Elements whose atoms have an even number of units of 
valency are called artiads; those whose atoms have an odd 
number of units of valency are called pmssads. In any sat- 
urated molecule the sum of Ike perissad atoms is always even. 
This is the law of even numbers. 

72. An unsaturated molecule is one having one or more 
units of valency unsatisfied. The compound radicals in para- 
graph 66 are unsaturated. The free units of valency and the 
consequent combining power of these radicals respectively 
may be determined by writing out their graphic formulas, thus: 

UNBATUHATED. BATTBATED. 

N"'Ha' H — N — , one free unit; H — N — H, ammonia. 

H H 

O'Hs', H— C— , one free unit; H— C— H, marsh-iras. 

I I 

H H 

C"0", 0=C=, two free units; 0=C=0, carbon dioxide. 
N"'02, O — N — , one free unit: O — N — H, nitrous acid. 

o o 

C"N"', C — , one free unit: C — H, hydrocyanic acid. 

^ I- 

73. If valency be a definite property of atoms, it is neces- 
sary to account for what appear to be variations in valency, or 
variable valency. Thus, it ia known that chlorine has but one 
unit of valency, yet tin and mercury unite in two proportions 
"with ciiiorine, as follows : 

1. SnCIa 

2. SnCU 

3. Hga 

4. HgCla 
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Id 1, Sn haa a valency of 11; in 2, of IV; in 3, Hg has a valency 
ofl; in 2, of II. 

The question arises, How can such variations as these be 
reconciled with a constant atomic property? The use of 
graphic formulas may assist in explaining such seeming con- 
tradictions. 

If the graphic formulas of the compounds referred to be 
written as follows, all units of valency are satisfied, and in each 
case there is the proper proportion by weight and constant val- 
ency for each atom. For SnCla we may write SngCU or (SnCb):, 
preserving the proportions by weight; that is, confdder tvio- 
tnolecules instead of one molecule to be involved in the conditioQ 
of saturation. The graphic formula for this condition would 
be, assuming Sn to have a valency of IV, the highest; 

a— Sn— CI 

II 
CI— Sn— a 

and for SnCU the graphic formula would be 

CI 

01— Sn— 01 
I 
CI 

For HgCI we may write Hg2Cl2 or (HgCI)2, and the graphic 
formula of this is, assuming Hg to have valency of II, the 
highest : 

CI— Hg— Hg-Cl. 

Again, for HgCla, valency still II: 

01— Hg— a. 

Other cases of seeming variable valency may be amilarly 
explained by considering the proper grouping of molecules. 

The series of the nitrogen oxides may be represented 
by the following graphic formulas, taking valency of nitro- 
gen III: 
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Nrf)- 





NO-NjOa- 


0=N— N=0 


N,0,- 


0=N-N<J 


NOj-NjO,- 


i>''-''<l 



N,Oj- 



J>N-^N<J 



74. If variable valencies may be thus explained, the original 
definition of valency may be adhered to, namely, it is the great- 
est nimiber of univalent atoms an atom will combine with.' 

75. The equivalent weight of any element is that wei^t 
of it which combines with, is substituted for, or otherwise is 
chemically equivalent to, one atomic weight of hydrc^n, in 
a oom[detely saturated molecule. Thus: Aiumonia, NHs, 

H— N— H, 



is a completely saturated molecule. The equivalent weight of 
nitrogen is } of the atomic weight of nitrogen, since it combines 
with 3 atoms of hydrc^n; that ia, its equivalent weight is 
V=4.67. HaO is a completely saturated molecule; therefore 
the equivalent wei^t of oxygen is one-half its atomic weight, 
that is, 8. 

76. Acceptii^ these definitions, the valency of any element ia 
equal to ita atomic weight divided by its equivalent weight. 

Oi^snic and Inorganic ChemiBtry. 

77. Substances which result from the operation of life 
'The model atoms displayed by Professor J. J. llomBon in hb lectures 

on the oorpuscul&r theory of matter appear to support this conclusion. 
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functions, either animal or vegetable, are called organic sub- 
stances, and that portion of chemistry which treats of them 
is called oi^nic chemistry. Substances obtained as minerals 
from the earth and which are not directly the result of life 
are called inorganic substances, and that portion of chemistry 
which treats of them is called inorganic chemistry. 

Objects of ChemiBtiy. 

78. The objects of chemistry may be enumerated as follows: 

(1) To study the properties of a substance so as to be able 
to identify it with certainty under whatever conditions it may 
be met with. 

(2) To ascertain a method of producing it at pleasure. 

(3) To determine its precise composition by weight and 
volume. 

(4) To investigate its action with other substances and the 
phenomena associated therewith. 

Physicai and Chemical PbcDomeoa. 

79. In studying the properties of substances it is important 
to distinguish between phydcal properties, changes, and effects 
and chemical properties, changes, and effects. All maas effects, 
outside the limits of molecules and between molecules, which 
do not affect the integrity of any of the molecules of the mass, 
pertain to physical phenomena. All effects within the limits 
of molecules and between the atoms of different molecules, 
which accomplish disintegration of molecules and the rearrange- 
ment of atoms as constituents of new molecules, pertain to 
chemical phenomena. 

Thus the physical properties of a substance include the state 
of aggregation of ite molecules, as gas, liquid, or solid; its 
color, odor, taste, hardness, specific gravity, form of crystal, 
fusiag-point, and boihng-point. 

The chemical properties of a substance include its classifica- 
tion as an acid, a base, or a salt; the action of acids, bases, or 
salts with it; its composition; its production. 
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Mixtures, Solutions, Alloys, Amalgams. 

So. Id addition to the elementary substances and the homo- 
geneous compounds there are other aggregations of matter which 
may be classified as mechanical mixtures, alloys, and amalgams. 

81. A mechanical mixture consists of two or more unlike 
solids mixed together in any proportions of the constituents. 
It differs essentially from a chemical compound in that the 
proportions of the constituents of the latter are always the 
same by weight. Each constituent of a mechanical mixture 
always retains its own distinguishing physical properties, whereas 
in a true compound the characteristic physical properties of the 
separate constituents disappear. Granite is a mechanical mix- 
ture of quartz, feldspar, and mica; these ingredients may vary 
throu^out all possible proportions, and although the physical 
properties of the separate constitueots remain the same, those 
of the conglomerated mass vary to correspond to the varying 
proportions of the constituents ; it is nevertheless always granite. 
Marble, on the contrary, is a chemical compound, and the pro- 
portion by weight of calcium, carbon, and oxygen is always 
the same; the physical properties of the mass are always the 
same, but the physical properties of the constituents have 
completely disappeared. Among explosives, black and brown 
powders are mechanical mixtures of potassium nitrate, carbon, 
and sulphur; guncotton is a chemical compound, composed of 
carbon, hydrogen, and oxygen. 

8a. A solid, liquid, or gas may be in solution in a given 
liquid; the latter is called the solvent. In passing into solution 
the solid liquefies and mixes with the solvent; the liquid mixes 
directly, and, when a homogeneous solution obtains, the two 
liquids are said to be mixable or miscible; gases are absorbed, 
so to speak, into the body ,of the solvent, the amount of gas 
passing into solution being directly proportional to its pressure 
on the surface of the solvent and inversely proportional to the 
temperature of the solvent. As a rule the quantity of a solid 
that will dissolve increases with the temperature of the solvent. 
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Simple solution appears often to be a quasi chemical as well 
as physical phenomenon, though there is usually a reduction 
of temperature due to the physical change of the solid to liquid 
state. In chemical solution there is chemical combination. 

83. A solvent will take up only a limited quantity of a 
soluble substance; when this quantity has been taken up 
further addition only causes an accumulation in the liquid of 
the solid in the solid state. At this stage the solvent is said 
to be saturated and the solution is called a saturated solution. 
Fractional solutions may be made in percentage quantities 
required from a saturated solution. A saturated solution is 
sometimes called a normal solution; often a normal solution is 
defined as such that each htre contains the number of grains 
of the substance equal to its equivalent weight. A standard 
solution is such that each litre contains a known and definite 
amount of the substance. There may be an infinite number 
of standard solutions of a substance. 

84. Proximity of molecules favors chemical action. The 
form of solution is particularly favorable, both for the reason 
that the molecules are closer together than in the gaseous state, 
and the action of affinity is not interfered with by the force of 
cohe^on which acts between the molecules of substances in 
the solid form. 

85. Alloys partake of the nature of solidified solutions of 
two or more metals aiixed together in the molten state. The 
constitents may vary in any proportion. 

86. An amalgam is a union of a metal with mercury. Iron 
is the only metal in common use which does not form amalgams 
readily with mercury. Amalgams approach more nearly to 
compounds than alloys or solutions. 

87. The angle molecule is invisible. In order that matter 
become visible the molecules must be brought to within cer- 
t^n limits of nearness to each other. In the state of gas the 
molecules are not sufficiently close to each other to produce 
visibility. The passage from visibility to invisibility is well 
illustrated in the disappearance of condensed steam escaping 
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from an engine. The proximity of molecules in the liquid and 
solid states causes visibiUty. 

88. The passage from a liquid or solid state to gaseous is 
called evaporation, or vaporization. Water evaporates whether 
in the liquid or sohd form (ice or snow). Camphor and a 
few other solids vaporize directly, like ice; notably (NH4)C1 
and S. 

89. The passage from the solid state to liquid by the appli- 
cation of heat is fusion, and the temperature at which the 
change of state takes place is the fusing-point. If the tem- 
perature be raised from the fusing-point until vaporization 
begins in the interior of the liquid as well aa on the surface, the 
latter temperature is the boiling-point. All fusible substances 
have definite, characteristic fusing- and boiling-points 

90. The change of state from vapor to liquid or vapor to 
solid is condensation. The cycle of change from solid or liquid 
to vapor back to liquid is distillation; from solid to vapor back 
to solid, sublimation. 

91. When a solid absorbs moisture directly from the air at 
ordinary temperatures and combines therewith to form a liquid, 
the phenomenon is called deliquescence. 

93. Change of state from solid to liquid, solid to vapor, or 
liquid to vapor causes a disappearance of heat; that is, there 
is a lowering of temperature. The reverse series of changes 
cause a corresponding and equal development of heat — eleva- 
tion of temperature. 

93. As a rule chemical actions resulting in the building up 
of compound molecules from elementary molecules, or which 
increase the complexity of the molecules (sj'nthetical reactions), 
involve evolution of heat. Reactions resulting in a separation 
of the constituents into elements or simpler molecules involve, 
as a rule, disappearance of heat. In any particular ca-^e pre- 
cisely the number of heatr-units made evident in synthesis are 
made latent or disappear in analysis. 

94. There are certfdn exceptions to the rule ^ven in the 
last paragraph. There are some molecules, like nitrous oxide, 
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N20, and potassium chlorate, KCIO3, and fulminate of mer- 
cury, Hg03C2N2, which absorb heat ia formation and give off 
heat in disintegration. This property has an important bearing 
in exploaves. Such molecules are said to be endothermic. 
Molecules which ^ve oS heat in formation and absorb heat in 
disintegration, according to the usual rule, are said to be exo- 
thermic. 

95. The number of heat-units involved in the synthesis of 
a molecule is to some extent a measure of the stability of the 
compound. It will require an equal quantity of heat or some 
form of equivalent energy to disrupt the bonds forged in the 
heat of chemical union. Water, for example, is one of the 
more stable molecules, and the heat given off by hydrogen 
combining with oxygen to form water (that is, the burning 
of hydrogen in oxygen) amounts to 6S,400 units; that is, 2 
grams of hydrogen combining with its equivalent weight {16 
grams) of oxygen will give off enough heat to raise 68,400 
grams of water 1° C. 

96. The effect of high temperature on complex molecules 
is to weaken the molecular bonds and to favor disruption and 
a rearrangement of the atoms in new molecules depending on 
the kind of atoms within the scope of chemical union and their 
relative affinities for each other under the existing conditions. 
Heat also weakens the cohemve bonds between molecules, as 
stated above in connection with changes of physical states of 
matter. 

97. The molecular bonds may be so weakened by the appli- 
cation of heat that the constituents part company. The phe- 
nomenon which includes the separation of the constituents of 
a compound under the influence of heat and their recombinar- 
tion as the temperature falls, by operation of the original chemical 
affinities which have not at any time been diverted into other 
relations, is called dissociation. The molecules of elements are 
sometimes dissociated. 

98. When the constituents of a molecule are separated and 
do not reunite after the disturbing cause has ceiksed to operate. 
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having taken up new relations, the phenomenon is termed 
decompoffltion. 

Fundamental Laws. 

9^ There are three laws of special importance in chemical 
science ; these are : 

1. The Law of Fixed Proportions. 

2. The Law of Multiples. 

3. The Law of Avogadro. 

loo. The Law of Fi^d Proportions is, that a chemical com- 
pound always contains the same elements in the same propor- 
tion by weight. For example, pure water contains oxygen 
and hydrogen and only these two elements, and they are 
always associated in the proportion of 1.111 pounds of 
hydrt^n to 8.S89 pounds of oxygen in every 10 pounds of pure 
water. 

loi. The Law of Multljdes is, that when two elements unite 
in several proporUons to form several compounds, there will 
be a regular definite increase of one of the two elements by 
multiples of the smallest wei^t of itself entering any of the 
compounds, for the same weight of the other element in each of 
the compounds. Thus nitrt^n combines with oxygen to form 
five separate compounds, and the weight of oxygen entering 
this series increases by multiples of the smallest weight when 
the same weight of nitrogen is taken in each compound. If 
we say that the weight of nitrogen shall be 28 pounds in each 
compound, then the weight of oxygen in the first of the series 
would be 16 pounds, and it would increase by 16 pounds for 
each of the subsequent compounds of the series, as follows: 

1. Nitrogen, 28 lbs.; oxygen, 16 lbs. 

2. " " " " 32 " =2x16. 

3. " " " " 48 " =3x16. 

4. " " " " 64 " =4X16. 

5. '• " " " 80 " =5X16. 
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102. The Law of Avogadro may be stated a£ followa: 

All gases under the same cooditions of pressure and tem- 
perature have the same number of molecules in equal volumes. 
That is, a cubic foot of hydrogen will have the same number 
of molecules as a cubic foot of oxygen, or a cubic foot of the 
vapor of water, or of the vapor of alcohol, or of any other gas; 
provided all of these are at the same temperature and sub- 
jected to the same pressure. 

The law may also be stated as follows: The same number 
of molecules of all gases occupy equal volumes under the same 
pressures and temperatures. This law being true of any number 
of molecules is true of one. If, therefore, we consider the law 
as applying to the volumes occupied by single molecules, it 
is evident that the volumes of all single molecules are equal. 
That is, the space occupied by a*iingle molecule of hydrogen 
is equal to that occupied by a single molecule of oxygen, or 
a molecule of water, or a molecule of alcohol. The volumes of 
all single molecules therefore are equal whether they be ele- 
mentary or compound. 

103. It has been ascertained by experiment that the mole- 
cules of most of the elements cont^n two atoms. Some of the 
exceptions to this are the following: 



have but one atom in a molecule. 




have four atoms in a molecule. 



For purposes of discussion the conditions existing among 
diatomic elements only will first be considered. 

104. The hydrogen molecule may be taken as the type of 
diatomic molecules. The space occupied by the molecule, that 
is the molecular volume, may reasonably be assumed to be 
equally divided between or occupied by the two hydrogen atoms. 
The space occupied by one hydrogen atom, that is half the 
volume of the hydrogen molecule, may be taken as the unit of 
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volumes; that is, the ultimate standard volume for comparing 
specific gravities is half the volume of the hydrogen molecule, 
or the space occupied by the hydrogen atom. The expression, 
"space occupied by the hydrogen atom," is used for the reason 
that the atom is supposed not to occupy solidly the limits of 
the molecule; that ia, while it occupies the space of the half- 
molecule, it does not fill it. Calling such space the atomic 
space, to distinguish it from the true volume of the atom, the 
standard volume may be consvjered the atomic space of the hydrogen 
atom. 

105. Since the volumes of all molecules are equal, it may be 
assumed that the atomic spaces of all diatomic elements are equal. 
That is, the space occupied by any atom of'a diatomic element 
occupies a space equal to that occupied by the hydrogen atom, 
and the weights of atoms of diatomic elements are the weights 
of equal volumes. Keeping in mind the fact that the atomic 
weight of hydrogen is unity and that the atomic weights of 
other elements are expressed in terms of this unit, it is evident 
that the atomic weights of diatomic elements express the rela- 
tive weights of equal volumes, and if hydrogen be taken as the 
standard of specific gravity for gases, the atomic loeighls of 
diaUmiic elemerUs are the specific gravities of these elements in 
gaseous state referred to hydrogen as a standard. For example, 
the specific gravity of oxygen referred to hydrogen is 16, of 
nitrogen 14, etc., the same as their atomic weights. 

106. For elements whose molecule contain but one atom, 

that is monatomic elements, the atomic weight represents the 

matter occupying two "standard volumes" (atomic space of 

hydrogen atom). The weight of the matter corresponding to 

one standard volume would therefore be one-half the atomic 

weight. That is, the specific gravities of monatomic elements 

in the gaseous state are one-half their atomic weights; e.g., 

*u -a ■ : f.u t ■ 198.5 (a t. ^-t.) 
the specific gravity of the vapor of mercury is ^ = 

99.25. 

107. For elements whose atoms occupy one-half the stand- 
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ard volume, or have four atoms to the molecule, that is tetra- 
tomie elements, the atomic weight is the weight of matter in 
a half-volume; therefore, to get the weight of a whole volume, 
the atomic weight must be multipUed by two. That is, the 
specific gravities of tetratomic elements are obtMned by mul- 
tiplying atomic weight by two. Thus the atomic weight of 
phosphorus is 30.7; its specific gravity in gaseous state is 
30.7X2 = 61.4. 

io8. A compound gas, like marsh-gas (CH4) or acetylene 
(C2H3), or a compound vapor like water (HgO) or alcohcd 
(CgHeO), has as its smallest volume the moleculu' volume, 
because by definition the molecule is the smallest quantity that 
possesses all and only the properties of the substance. Hence the 
specific gravities of all compoimd gases are based on the weight of - ' 
matter in a molecular volume, which is twice the standard vol- 
ume. Therefore the specific gravity of aU compound gases is ob- 
tained by dividing the teeight of the molecule by two. The spedfic 

12+4 
gravity of marsh-gas (CH«) is — 5— -8; of water-vapor (HaO) 

is ~^-9; of alcohol-vapor (CsHaO) is ^^^^^^=23, etc. 

109. A very important principle is based on the fact tiiat 
the volumes of all molecules are equal. It is this: Whaiever 
number of elementary or compound gases combine chemically 
to form a single compound gas, the latter wiU occupy but tv>o vol- 
vmes. Let tbe reaction for the formation of water be taken 
as follows: 

Ha + = H20. 

From paragraph 104 each symbol of an atom of a (^atomic 
element represents a standard volume, provided the symbols 
stand ^one, as in the first member of this equation. That is, 
in the first member of this equation there are' two standard 
volumes of hydrogen represented, and one standard volume of 
oxygen, or three standard volumes altogether. When chemical 
union takes place forming the molecule, water, but one mole- 
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cule is formed, and it cannot occupy more than two standard 
volumes. 

Agfun, one volume of nitrogen combines with three volumes 
of hydrogen to form two volumes of ammonia, thus : 

N + H3 = NH3 



This fact, which is based upon the truth of Avogadro's law 
and is confirmed by experiment, is sometimes referred to as the 
principle or law of gaseous eoridensaiion. 

no. The examples in paragraph 109 contemplate strictly 
theoretical standard volumes, that is the spaces occupied by 
single atoms; but of course such spaces cannot be dealt with 
in practical work. However, it is axiomatic that what is true 
of these theoretical volumes will be equally true of any multiple 
of the volumes, and it follows that the practical standard volume 
niay be assumed as one cubic foot, or one thousand cubic feet, 
or one litre, or multiple or fraction thereof, and the first reac- 
tion of the last paragraph might just as truly have been stated 
thiis: 

H2 + - H2O 

3 an. tt. I ou. H. 3 on. ft. 

and the second reaction, thus : 



Betennioation of Atomic Weights. 

III. In paragraph 3 it is stated that the atom is the ultimate 
unit of matter so far as known. It is convenient here to explain 
bow these smallest known quantities of matter have been 
ascertained. For this purpose the elements may be divided 
into, first, those which may be volatilized and dealt with in the 
form of gas or vapor, and, secondly, those which cannot con- 
veniently be so experimented with. 
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iia. The determination of the atomic weights of gaseous 
elements is based on the principles of the Law of Avogadro 
and chemical analysis. 

I^et it be assumed that the atomic weight of hydrogen is 
desired. 

All possible gaesous compounds in which hydrogen enters 
as a constituent are collected. 

(1) According to Avogadro's Law and the deductions there- 
from the molecular weights are the weights of equal vol- 
umes (all molecular volumes being equal). But the standard 
theoretical volume is the half-molecular volume. That is, the 
molecular weights are the weights of double the standard vol- 
ume, or, in other words, twice the specific gravities of gases, 
hydrogen being taken as the standard for specific gravity. If, 
therefore, equal volumes of hydrogen and all its compound 
gases be weighed under the same conditions of temperature 
and pressure, and the resulting weights of the compound gases 
be multiplied by two, the products will be the molecular weights ^ 
in terms of the weight ^ of the hydrogen atom. 

For example, it is known that water contains hydrogen; 
if a cubic foot of water-vapor be weighed, it will be found to 
weigh 9 times more than an equal volume of hydrogen under 
the same pressure and at the same temperature. Multiplying 
9 by 2, the product 18 is the weight of the water- molecule; 
that is, the water-molecule weighs 18 times more than the 
weight of hydrogen which occupies the atomic space. 

' The word weights has been used throughout, but it should b« kept ia 
mind that quantity of matter, mass, is the exact idea that should be carried 
along. 

weieht in poimda to _ 

In anycaae mans — —] r- j~. .. ■ ■ . - n: i 1 or m-=— . To 

•' acceleration due to gravity at the place g 

bo correct, we should speak of atomic masses and not atomic weights. The 
masses are conetant, the weights vary with the force of gravity at differ- 
ent latitudes. Atomic weights are expressions for the relative weights of 
aloms, hydrogen being unity. The weights of all atoms vary with the lati- 
tude, but as they all vary according to the same law, their relative weights 
are as constant as the rnasses themselves. Therefore no numerical error is 
introduced by using atomic weights instead of atomic masses. 
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(2) By chemical analysis the constituents in each one of the 
•compounds may be separated, and the proportion by weight 
of hydrogen which enters each sample can be found. For 
example, suppose that the sample of water was 10 pounds. 
By chemical analysis it can be accurately determined that 
1.111 pounds of this was hydrogen gas and 8.SS9 pounds 

was oxygen gas. Or, — TKFT' by weight of water consists of 

hydrogen. 

(3) It was ascertained in (1), above, that the molecular 
weight of water is 18, in terms of the weight of the hydrogen 

[1.11 + 
100 

XT ___ 

of 18 will be the proportional part of hydrogen in the water- 
molecule, expressed in terms of the weight of the hydrogen 
atom, or .1111x18 = 1.999 + , that is 2, and the hydrogen in 
the watei^molecule is represented by H2. 

(4) Any of the compounds of hydrogen may be dealt with 
as explained for water. Take hydrochloric acid, for example- 
Its vapor weighs 18.25 times more than equal volumes of hydro- 
gen, hence, from (1), its molecular weight is 36.5. It may be 
ascert^ned by chemical analysis that in every part by weight 

2.74 
of hydrochloric acid there are -r^ parts by weight of hydrogen. 

This is as true of a single molecule as of any larger quantity. 
Hence of the 36.5 units of the molecular weight 36.5 X .0274 
^ .999 + of them are units of hydrogen, that is 1 atom of hydro-, 
gen, and the quantity of hydrogen in the molecule of hydrochloric 
acids is therefore represented by H. 

(5) All other compounds of hydrc^n may be treated in the 
same way, and the smallest quantity of hydrogen in terms of 
the weight of the half-hydrogen molecule may be ascertained. 

The data resalting from such a series of experiments may 
Tje tabulated as follows: 
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BydroBNi CmpoaDdB. 

WaMi^v&por . 

HydrcMihloric add 

Hydrobromic acid. 

Sulpbydrio add 

Ammonia 

Phoaphonu trihydride . . 

Marsb-gaa 

OleGant gas. .^ 



J 


SI 

ft 


9.0 


18.0 


18.25 


36.5 


40.5 


81.0 


17.0 


34.0 


8.S 


17.0- 


17.0 


34.0 


8.0 


16.0 


14,0 


28.0 


et«. 


etc. 




I 
I 

H,0 

Ha 

HBr 
SH, 
NU. 
PH. 
CH. 



If, in any case, a value lesB than unity were obtained for 
this gmaJlest quantity, say \, that would be taken aa the standard 
atomic weight instead of the one now assumed; if this were- 
made equal to unity, it would neceaEdtate doublii^ all existing; 
atomic weights. But no weight of hydrogen less than the 
w^ght of the half-hydrogen molecule has ever been separated 
by any procedure or reasoning. The hydr<^n atom is, there- 
fore, to be understood to be ttie smallest quantity of hydrogen 
that is now known to emat. 

(6) AH of the compounds of any other gaseous element may 
be analyzed chemicaJly and experimented with physically in 
the same manner, and the smallest weight of that element which 
is found in any compound is taken as its atomic weight. 

II3. The atomic weights of some of the solid elements have 
been determined by a comparative study of the specific heats " 
< The weight of the half-hydrogen molecule is often called a microeritk. 
' The sped6c heat of a body at any temperature is th'e ratio of the quan- 
tity of heat required to raiae the temperature of the body one degree to the 
quantity of heat required to raise an equal weight of water at its temperature^ 
of maximum density (4"* C, 39.2° F.) through one d^ree. The unit of heat, 
is the quantity of beat required to laise the temperature of one pound of 
water at 39.2" F. one degree. 
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of the elements in the solid state and a comparison of these 
specific heats with known atomic weights. 

Two investigators, Petit and Dulong, developed the fact 
that the specific heate of elements are nearly inversely propor- 
tional to ther atomic weights. That is, the quantity of heat 
required to r^se weights proportional to atomic weights through 
one degree is practically constant and approximately equal to 
6.4 unite of heat. This number is called the atomic heal. If, 
therefore, the spedfic heat of a solid element be determined, 
and the atomic heat, 6.4, be divided by the speafic heat, the 
quotient will be approximately the atomic weight. To make 
use of this principle experimentally take any weight of a sub- 
stance whose atomic weight is known. U^ng the same source 
of heat, ascertfdn the weight of the sample, whose atomic weight 
is unknowa, that must be used in order that the standard 
sample and the experimental sample shall pass through the 
same range of temperature in the same time. This weight of 
the experimental sample will be to the weight of the standard 
sample as the atomic weight of the former is to the atomic 
weight of the latter. 

Used in conjunction with chemical analysis, the principle 
of atomic heat will give sufBdently reliable results. For ex- 
ample, by analyzing silver chloride chemically it is found that 
108 parts by weight of silver and 35.5 parts of chlorine are 
obtained. If there be two atoms of silver in this compound 
its atomic wdght is 54; if three atoms, 36; if four, 27; if one, 
108. The specific heat of mlver at ordinary temperature is .057; 
the quotient, 112, obt^ned by dividing 6.4 by .057, suggests that 
the number 108 should be taken as the true atomic weight, 
instead of 54, 36, or 27, Chemical analysis is a more exact 
process than the determination of specific heat, therefore the 
number 108 is taken in preference to 112. 

114. The number of atoms in an elementary molecule is 
obtmned in any case by first ascertMuing what the molecular 
wei^t is, then the atomic weight, and then dividing the molec- 
ular weight by the atomic weight. 
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Conditions Influencing Affini^, 

115- In paragraph 14 it is stated that one property of 
atoms is that those of one kind have an attraction for cert^n 
other kinds. This attractive force is, as ah^ady stated, called 
affinity or chemical affinity. It operates betweeo atoms only. 
Chemical changes which result in the formation of new sub- 
stances, by new groupings of the atoms involved, are due to 
the operation of this force. The intensity of ite action varies 
between different atoms and is modified by different conditions. 
The quantity of heat evolved in the formation of new substances 
is, in any given case, to some extent a rjieasure of this intensity, 
as well as of the stability of the resulting molecules. 

ii6. There are certain causes and conditions which inSuence 
the action of chemical affinity. Among these the following may 
be enumerated : 

Temj>erature. — Substances that do not combine at one 
temperature will combine at another; and conversely, through 
the action of temperature alone, decomposition may be effected. 
Increase of temperature may cause either a synthetical or an 
analytical reaction; for example, the synthetical reaction 
where heat is used in forming metallic oxides, and the analytical 
re^tion where lime is formed from marble by heat, 

Solviion. — In order to have the force of chemical affinity 
act, it is necessary that the molecules be very close together. 
Chemical affinity acts at very short distances only. The form of 
solution is particularly favorable to the action of chemical affinity. 
Therefore it is used to get chemical combination where other 
methods have failed. The objection to a solid form is that the 
force of coheaon opposes combination by impeding or prevents 
ing the mutual penetration and close proximity of the particles 
of the different substances. In gases cohesion does not inter- 
fere with chemical action, but owing to the distance between 
the particles preventing the necessary close proximity, bodies 
evince but little disposition to combine when in the gaseous 
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state and under normal pressure. If any reaction will take 
place at all, it will take place in the case of solution. 

Insoh^yiiUy.—Vae principle of insolubility may be stated 
thus: when two soluble substances, which contain between them 
the constituents of an insoluble or sparingly soluble substance, 
are brought together in the form of solutions, the insoluble or less 
soluble substance is formed and appears in the combined liquids 
as a suspended solid, called a predpUale. For example, if a 
solution of silver nitrate (AgNOa) be mixed with a solution of 
common salt (NaCl), a metathetical reaction will take place, 
the metals silver and sodium exchanging places in the mole- 
cules, forming silver chloride (AgCl) and sodium nitrate (NaNOa), 
the former appearing suspended in the resulting liquid as a 
white curdy precipitate. The reaction would be represented thus : 

AgNOa +NaCl =AgCH- NaNOa. 

VokUilUy. —The principle of volatility may be stated as 
follows : if two substances contain between them the elements 
of a volatile substance, and these two substances be mixed 
and heated together, the volatile substance will be formed 
and separate as a gas. For example, if pulverized ammoniiun 
chloride (NH4CI) be mixed with pulverized sodimn carbonate 
(NaCOs) and the solid mixture heated, the volatile substance 
ammonium carbonate (NH4CO3) will be formed and pass off 
as a gas, leaving ammonium chloride. 

Physical Svrroundings. — The atmosphere in which the 
substance exista has an influence on the reaction which may 
take place. For example, if FeO be heated in an atmosphere 
of hydrogen, the O is taken away from the Fe and passes off 
in combination with hydrogen as HjO, water-vapor. Retaining 
the same heat and simply reversing the process, forcing the 
HzO over the Fe, FeO will be reproduced and hydrogen set 
free. The atmosphere is thus seen to have an effect on chemical 
affinity. 

Nascent State. — By nascent state is meant the state of 
the element or substance just in the act of being separated in 
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chemical decomposition. The nascent state is particularly 
favorable to chemical combination. Reactioos which will 
not otherwise take place may take place at the instant that 
atoms are freed from the bonds that have held them in a 
molecule. 

Pressure. — The retarding influence of pressure is eeen in 
such cases as the action of acids on metals, or the electrolysis 
of water in sealed tubes. In these cases the elimination of a 
gas is an essential condition of the change, and this being pre- 
vented, the action is retarded. On the other hand, there are 
numerous reactions which are greatly promoted by increased 
pressure — those, namely, which depend on the solution of gases 
in hqmds, or on the prolonged contact of substances which 
under ordinary pressure would be volatilized by heat. 

Stoichiometiy. 

117. Stoichiometry is that part of chemistry which deals with 
the computations of the weights of substances used in chemical 
reactions and resulting therefrom, and in the volumes of gases 
connected therewith. The foregoing principles may be applied, 
now, in the solution of chemical problems involving weights and 
gaseous volumes. 

118. It has been seen that symbols represent atoms; that 
the atoms have definite weights for each element, and that 
the weight of the molecule of any substance is the sum of the 
weights of the atoms which compose the molecule. 

It may now be stated that the symbols may be used not 
■only to represent atomic weights of the elements, but of any 
weights proportional to atomic weights. In stoichiometry they 
are so used. That is, to the abstract numbers in the second 
cohinrn of the table on pages 3 and 4 the name of any unit of 
weight may be ^plied, such as grams, ounces, pounds, tons. 

A reaction that m true for the atomic weights proper is 
equally true if the same ■proportions by weight be observed, using 
<my unit of weigH. 
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For example: one .atom of oxygen unites with two atoms 
of hydrogen to make water. Since the weight of the oxygen 
atom is 16 and the hydrc^n atom 1, it follows that any iveighis 
whatever of oxygen and hydrogen in the proportions of 16 to ^ 
vnU produce 18 parts by weight of vxUer. That is, 16 Ibe. of 
oxygen will unite with 2 lbs. of hydrogen to make 18 lbs. of 
water. The reaction being +H2 = HaO, and any unit of 

IS -h 2 - IS 

weight may be applied to the numbers written below the symbols. 

In the same way any reaction may be utiUzed to solve 
problems involving we^hts. 

119. Reactions may also be used to solve problems relating 
to volumes of gases, and these problems are often of value 
in dealing with explodves. 

The symbols of the atoms may be considered to represent 
the atomic spaces as well as atomic weights, it being kept in 
mind that the ultimate standard volume for the comparison 
of gases is the space occupied by the half-molecule, and that 
all angle molecules, whether ample or compound, have equal 
volumes. These principles were enunciated in paragraphs 102 
and 109, and it was seen in the latter paragraph that one volume 
of water united with ttoo volumes of hydrogen to make tvx> volumes 
of water-vapor, or that, giving concrete values to the volumes, 
one cubic foot of oxygen will combine with two cubic feet of 
hydrogen to make two cubic feet of water^vapor, coneddering 
all gases at the same temperature and pressure. Expressed in 
connection with the reaction, this may be written 



In the same way, any reaction involving gases may be made 
tise of to write out the volume relations existing among the 
reagents in the first member of the equation and the products 
in the second member. If any solids appear in the reaction 
they are not, of course, to be couddered in these volume 
relations. 
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120. In solving' problems in Btoichiometry, it will be ueeful 
to keep certwi units and numberB in mind; among these may 
be enumerated the following: 

1 cubic foot of hydrogen at 60" F, and 30 inches barometer 
weighs about 37 grains; at 0^ C, 40 grains. 

1 pound of hydrogen under same temperature and pressure 
occupies about 189 cubic feet. 

1 gram = 15.43 grains. 

1 litre =61.02 cu. inche8 = 1.76 pints. 

1 gram of hydrogen at 0° C. and 760 mm. barometer occu- 
pies 11.16 litres. 

Volumes of gases change with temperature as follows, if 
pressure remain constant: 

'■■■ - . of volume at 60" F. for each d^ree F. 
519-4 



If volume remiuns constant, pressures change according to 
these same ratios. 

The ratio giving tiie rate of change in terms of volume at 
any other temperature than 60° F. or 0° C. may be obtained 
from the denominators of the fractions given for 60° F. and 
0° C, by adding the number of degrees of higher temperature 
or subtracting the number of degrees of lower temperature. For 

example, the ratio for volume at 0" F. would be v^„ \ - „ - 

1 ._.,_.^o^ _....,..„ 1 1 



PROBLEMS. 

1. To find the relative weights of the constituents in any 
quantity of a compound, as, for instance, HaO, it is seen that in 
this formula the constituents of the compound are in the pro- 
portion, by weight, of 16 to 2. It makes no difference whether 
we deal with a single molecule or a ton of water, this same 
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relation obt^ns. In the lirst case the unit is the microcrith, in 
the second, the unit is the pound. If required, therefore, to find 
the number of pounds of hydrogen to make a ton of water, 
we have this proportion : 

2:18: :x:2000 pounds. 

2. To find the percentage compoation of a substance, given 
the molecular fonnula. Let us take, for example, cellulose: 

CflHioOe. 

The following form will be found conTenient in solving such 



Atomio 


No. of 
atoms. 


ToU 
weigbu. 


Per cant. 


12 


6 


72 


1 


10 


10 


5^2-- 


16 


6 


80 
162 


s-«* 



3. To find the empirical formula of a substance, given the 
percentage compoffltion and atomic weights. The empirical 
formula is the mmplest expression for the numerical relations 
of the atoms as determined by analysis, and this is directly 
connected with the percentage compoation. It is found by 
first determining by analysis the j)ercentage composition of a 
substance and then dividing each percentage by the atomic 
weight. For example, take cellulose as in the last problem: 

Per Atomir 

cent. wdghtB. 

0=44.4 + 12=3.7 
H- 6.2-*- 1-6.2 
0-49,4 + 16 = 3.08 
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If we wish to express a numerical relation between the 
atoms in cellulose, we can use the proportional Dumbers thus: 
Ca.7, Ho.2, O3.081 these numbers being proportiooal to the true 
numbers of atoms; dividing through by the smallest number, 
3.08, we get 

Ci.aHaOi. 

This is the empirical formula, the amplest expreesoo for the 
numerical relations existing among the atoms of a molecule of 
cellulose. 

4. To find the molecular formula, having the empirical for- 
mula and the molecular weght. First find, as above, the 
empirical formula, then arrange a series of formulas that are 
multiples of the empirical formula and select that formula 
which ^ves the proper molecular weight. 

Thus, assume the empirical formula C1.3H3O1 and the molec- 
ular weight « 162. Required, the molecular formula. Write 
out the following multiple series : 

C13.H2O1 
CaiHiOa 

CisHaO* 
CflHioOs 

Computation will show that the formula CsHioOj only 
gives the proper molecular weight, hence this is the molecular 
formula. It is to be kept in mind also that in case of a frac- 
tional result, the formula which is nearest the ^ven molecular 
weight is taken, and the nearest whole number of atoms is taken 
in writing out the molecular formula.. 

5. By chemical analyds 460 grains of a certfun subetance 
whose molecular weight is 92 gave the following results ; C = 180 
gr. H=40 gr., 0-240 gr.— total 460 gr. Required the per- 
cent^e comporation, empdrical formula, and molecular formula 
of the substance. 
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We have ; 

NutneriOBl 
% At. Wt. RcUtioa 

C 39.13 H- 12 = 3.^ 

H 8.7 + 1 - 8.7 

0. 52.17 + 16 - 3.26 

100 
Cs-ssHg-TOa.aB. 

.'. Empirical formula=CiHa.«TOi. 
.'. Molecular formula •"CsHsOs. 

6. Since the atomic weights of eubatances represent not 
only the actual weights of atoms but also the weight of quan- 
tities proportional thereto, if we fix on the we%ht of any one 
element, all the others are fixed by that act. For example, (a) 
take the reaction Cu+0=CuO. Assume 5 grains of copper. 

Then 63.2:16: :6:i -•. i = 1.26 grains of 0. The atomic 
we^ts of Cu and being 63.2 and 16 respectively, x g^ves the 
weight of in grains. 

63.2 + 16-79.2. 

Then 63.2:79.2: :5:i .'. x = 6.26 grans of CuO. 

(6) Take the reaction CaCX)8+ heat =CaO+C03. Assume30 
pounds of CaCOa. The weights of the resulting products would 
be found as follows: 

CaO = 40-l-16=56"mol.wt. 
CX)a = 12 + 32-^44= " 

CaC03= 100= " 

100:56: :30:x, pving 16.8 pounds CaO 
100:44: :30:x, " 13.2 ^' COa. 

7. As all molecules occupy two volumes, we can from inspec- 
tion of a chemical equation readily determine the number of 
molecules, and from these the volumes of the gaseous reagents 
or products. 
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Take CH4. It is a combustible gas (marsh-gas). Both C and 
H unite with O in burning. C will burn to CO2, and for this we 
must have 2 atoms of O. H4 will burn to H408, and for this we 
must also have 2 atoms of O. In order, therefore, to burn CH4 
we must supply it with 4 atoms of 0. -We may therefore write; 



These volumes may refer to any unit of volume. For example, 
assume 20 cubic feet of CH4. The problem would then be, How 
many cubic feet of O are required to burn 20 cubic feet of CH4? 
We have, 2:4: :20:i .■.1-40 cubic feet. 

Agtun, take the reaction, N+Ha — NHs, Note that the' 

1 vdL 3 voh. 3 vols. 

sums of the volumes in the two members of the equation do 
not have to balance; the sums of the weights on both sides of 
the equality sign must, however, always balance. 

8. In order to pass from weights to volumes, we have the 
following relation : 

Wt. of gas , 

" volume 



Wt. of unit vol. 

(niuiJly t oubio foot) 

Therefore weight of gas = volume in cubic feetXwei^t of 
1 cubic foot of gas. 

9. To find the spedfic gravity and weight of a cubic foot 
of a mkciure of gases; for example, atmospheric air. 

Assume the weight of 1 cubic foot of H (barometer 30", 
thermometer 0° centigrade) =40 grwns. 

Any ^ves weight or volume of air consists approximately of 



10 vols. 
Oa = 16x2= 32 
4Nb"14x8-112 

144 
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.'.Wt. 1 vol. Mr--r!f of 144= 14.4-Bpecificgravity 

" 1 cubic foot H - 40 gr. 

/. " 1 " "air -576 gr. 

10. To find the number of cubic feet of air that wiD be 
required to burn 100 pounds of wood. ABsume wood to have 
the molecular formula CaHioOa and the reaction of combustion 
to be aa follows : 

CbHioOc + 6C03+4Ns) - 6C03+5HaO+48N . 
Mol. wts.: 162 +6(32 + 112) - 864. 

It therefore takes 864 poimds of ur to bum 162 pounds 
wood. • 

How much will it take to burn 100 pounds? 

162:864: ;100:i. -•. a:-533.9 pounds. 
To reduce to cubic feet: 7000 gr. = l pound. 



1 cu. ft. wr=576 gr. 576)3737300 grs. 



6488 cu. ft. 

11. Assume that the following represents the reaction 
iDvolved in the burning of illuminating-^as. If there be ia this 
group of mixed gases 2 cubic feet of hydrogen, what are the 
other volumes? 

5SH, + 2C,H, + CH, + 2H, + 160, + O - 13H,0 + SCO, + 6S0, 
lOvola. 4vo1b. 2vala. 4vole. 32vol& 1vol. 26vols. lOvola. lOvoIs. 
5cu.ft. 2cu.ft.lcu.ft.2cu.ft.16ou.ft.ecu.fL13cu.ft Scuft 5ou.ft. 

Since there are 2 cubic feet of hydrogen and 2Ha parts of hydro- 
gen, that IB, 4 standard volumes, one standard volume in this 

cade is ; =0.5 cubic feet. Multiply each number of 

4 

"vols." by 0.5 cubic feet and we have the volume (rf each gas 

in cubic feet, as shoT^n below each molecular formula. 
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12. a. Find the percentage of iron in limonite or brown 
haematite, 2Fe:Oi.3H20. 

2rei-56x4-224 

20j -16x6- 98 - ■ 

3Ha- 1x6- 6 

30 -16x3- 48 

Mol. wt.-374. 
From which the per cent of Fe is found to be 59.^. 

b. Same for haematite or specular iron ore, FejOj, 

Fej-56X2-U2 
O, -16X3- 48 

Mol. wt.- 160 
Trom wliich the per cent of Fe is found to be 70. 

c. Same for magnetite or magnetic oxide, Fes04, 

Fej-S6x3-168 
0, -16x4- 64 

232 
From which the per cent of Fe is found to be 72.4. 

d. Same for spatliic, clay ironstone, or bhickband, FeCOa. 

Fe-56xl- 66 
C -12x1- 12 
0,-16X3- 48 

116 
From which the per cent of Fe is found to be 48.3. 

e. Same for iron pyrites, FeS2. 

Fe-56xl- 86 
Si -32x2- 64 

120 
From which the per cent of Fe is found to be 46.7. 
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13. The celebrated Rus^an chemist Mendel^ff has BOg- 
geeted a method of comparing explosives by finding the num- 
ber of volumes in the explosive reaction corresponding to 1000 
parts by weight; this volume is indicated by the symbol Viow). 
The effect of the temperature of the explosion is not considered. 

a. Determine Mendel^efT's relation of Viooo in the following 
reaction for black gunpowder: 



270:1000; :8:V,(i 



b. Same for brown gunpowder : 

■olid 

6KN08 + 2C6H4O = SKaCOs + 7C0 + 4HaO + 3N8 

we 4- leo 14vok. + 8vol». +OTak. 



766:1000; :28;Viooo; Viooo=36.5 volumes. 
c. Same for nitroglycerine : 



58 vol*. 

908:1000; ;58: Viooo; Viooo=63.9 volumes. 
d. Same for guncotton: 



594:1000; :44: Viooo; F,ooo = 74.1 volumes. 

e. Same for smokeless powder; nitrocellulose having 12.75- 
per cent of nitroges, N, which is about the percentage in smoke- 
less powder for cannon in the United States: 

■ The numbers under the reagents (first members of the equationa) are 
molecular iceighii, those under the products {second membere of the equa- 
tions) are volume*. 
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2CizHi60id{N02)6 = CO2 + 23CO + ISHjO + 5Na 

1088 Svola. -fMvals. + SOvab. + lorab. 

88 vola. 

1098:1000: :88:Vioo; Viooo=-80.1 volumea. 
/. Same for C burned with sufficient supply of 0; 

C + 02 = C02 



44:1000: ;2:V,ooo; V,ooo =45.5 volumes. 
g. Same for C burned with insufficient supply of oxygen: 



28:1000: :2;V,ooo; t']ooo = 71.4 volumes. 
h. A comparison of the values of Viooo in / and g is impor- 
tant because on this basis de[>ends the whole argument of 
Mendel6ef[ as to the desirability of so arranging this percentage 
of C, H, O, and N in nitrocellulose as to have all the C burn to 
CO. When this is done, we get the reaction for Mendelfeff's 
pyroeellulose, which is nitrocellulose contwning 12.44% of 
nitrogen: 

CaoHssOsiiCNOa),! = 30CO + igHjO + 6Na 



1350:1000: :110:Fiooo; Viooo = 81.5 volumes, 
t. Same for cordite (used in our service in Armstrong guns); 
mixture nitroglycerine and mtrocellulose : 

2C3H603(N03) 



^1000=82 volumes. 
}. Same for picric acid, used in shell (lyddite, melinite, etc.): 
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Genebal Properties op Ihfortant Substances. 

The following general properties of important substances 
may be committed to memory with advantage, preparatory to 
laboratory work: 

The ntircUes are all soluble in water. 

The dichlorides are soluble in water, ezcept that of lead. 

The monochlorides are soluble in water, except those of silver 

and mercury. 
The svlphaies are soluble in water, except that of caJcium, 

which is but slightly soluble, and that of barium, strontium, 

and lead, which are insoluble. 
The svlphaies are insoluble in alcohol. 
The carhonates are insoluble in water, except those of the alka- 

hes; they are all soluble in water containing COa in solution, 

i.e., carbonated water. 
The carbonatea, except those of the alkalies, are decomposed by 

heat (COa passing off)- 
The carbonates are decomposed by sulphuric, hydrochloric, and 

nitric acid, with evolution of COa and effervescence. 
The chiarates are soluble in water. 
The achates are soluble in water. 
The oxides are insoluble in water, except those of the alkalies 

and barium, which are soluble; those of the alkaline-earth 

metals, except barium, are sli^tly soluble. 
The sidphidea are insoluble in water, except those of the alkalies 

and alkaline earths. 
The hydroxides are insoluble in water, except those of the alkalies 

and alkaline-earth metals, the latter being but slightly 

soluble. 
The phosj^uiies are insoluble in water, except those of the 

alkalies. 
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EXPLOSIVES. 

Before treating directly of exploMvee proper, it will be 
advantageous to consider apart the substances used in thdr 
manufacture. 

Regarded from the point of their composition, explosives 
may be divided into two classes, namely: 

1. Explosive mixtures. 

2. Explorave compounds. 

The former consist of an intimate mixture of distinct sub- 
stances, properly prepared and conglomerated mechanically in 
varying proportions to meet the requirements of different de- 
mands. Each particle of such explosive mixtures must have 
at least a particle of some oxygen-supplier, such as a nitrate or 
chlorate, and some combustible, such as carbon or sulphur. 
The old black and brown powders and the new explosive called 
ammonal are typical examples of such mechanical mixtures. 
The characteristic quality of such exploedves is that the nature 
of the explosion may be graded by varying the proportions of 
the ingredients. 

The latter class consist of substances whose molecules 
contun within themselves the oxygen and cfu-bon and hydrogen 
necessary for combustion. Any substance whose molecule 
contains oxygen, carbon, and hydrt^n m the proportions 
to pve CO, or CO2 and H2O, may become an explosive. 
One which is so constituted and at the same time has weak 
molecular bonds due to the presence of the radical NO2 or 
other weak-binding radical is an exploave compound. The 
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characteristic' quality of this class of explosives is that the ele- 
ments constituting the explosive are always present in the 
molecule in the same quantities, according to the law of fixed 
proportions, and the nature of the explosion cannot be graded 
by varying the quantities of the constituent elements, as in 
the case of mechanical mixtures. 

The substances used in the manufacture of these two classes 
of explosives may be considered conveniently in the following 
order: 

1. The nitrates and chlorates, used as oxygen-suppliers in ex- 

plosive mixtures. 

2. The combustibles, charcoal and sulphur, used in explosive 

mixtures. 
■3. The hydrocarbons and other compounds of organic origin 
used in the manufacture of hig^ explodves, and of the 
more recently developed nitro-powders. This includes 
hydrocarbons proper, alcohol, ether, acetone, phenol, glycer- 
ine, cellulose, and certain nitnMlerivatives of some of 
these, including the nitrobennnes, nitronaphthiUene, nibv 
phenol. 

Potosdum Kitrate, (KNOs). Nitre. Saltpetre. 

This salt is found in nature as an incrustation on the surface 
«f certain soils in hot countries. It results in such instances 
from the decomposition of organic matter in the presence of 
moist alkaline earths. The decompoEdtion of both animal and 
vegetable matter produces ammonia; the oxidation of ammonia 
in nature appears to be furthered by the growth of certan low 
forms of vegetable life; this combines with the atmospheric 
oxygen, yielding nitric acid, and this, in turn, acts on other 
potassium salts to produce the nitrate; the solution evaporating 
4it the surface leaves the solid as an incrustation. 

It may be produced artificially by the nitre-bed process. 
Vegetable and animal matter are piled together in lat^ !ieaps, 
with limestone, old mortar, wood ashes, and any alkaline 
material, on an impervious floor protected from the weather. 
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One side is made nearly vertical and this side is exposed to the 
prev^ling wind; the opposite side is cut into terraces. Urine 
from stables and other sources is poured over the terraces, 
which have a slight pitch toward the body of the heap, with a 
small gutter cut at the inner junction of the step with the body 
of the heap. The temperature is kept at 60° to 70° F. The 
liquid seeps through the mass, and the chemical action described 
above takes place in the body of the heap; the soluble nitrates 
percolating through the heap finally reach the vertical side 
exposed to the wind, and evaporation occurring there leaves on 
this surface an incrustation of nitrate mixed with other salts. 

The nitre coming from these sources is known as crude. An 
analyena of crude saltpetre from India gave the following: 
potassium chloride, 0.84; sodium chloride, 0.20; insoluble, 0.21; 
water, 1.35. The crude nitre from the beds contains in addition, 
as a rule, chlorides of calcium, magneaum, and ammonium. 
Crude nitre must be refined before iising in explosives. The 
chlorides are separated from the nitre by dissolving the mass in 
hot water. The nitre crystallizes first in cooling and is skimmed 
off. The chlorides remaning in solution are converted into 
nitre by mixing with solution of potassium carbonate. 

It is important that nitre used for explo^ves should contain 
no chlorides because of their hygroscopic properties. A sample 
should therefore always be subjected to the standard test for 
chloride. The sample solution should be tested also with 
barium chloride or nitrate for any sulphate, and with ammonium 
oxalate for lime. 

Nitre is distinguishable by the form of its crystals Gong 
striated or grooved six-sided prisms), and by its deflagration 
when heated on charcoal. It fuses at 635° F. (335° C.) to a 
colorless liquid which solidifies on cooling to a translucent 
crystalline mass. Heated to red heat it effervesces from the 
escape of oxygen and becomes reduced to the nitrite (KNO2). 
If heated beyond this, the nitrite is decomposed, leaving a mix- 
ture of KaO and KaOa. 

Its value in explosives is due to the fact that it acts as a. 
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supplier of oxygen to the combustible element present. Five- 
sixths of its oxygen is available for combination with any com- 
bustible, the nitrogen coming' from its decomposition being 
^ven off in the free state. The reaction for the decompositioD 
of nitre by charcoal may be represented as follows : 

2KN03+C8-K2C03 + C02 + CO+Na. 

Owing to the concentrated form in which the oxygen is 
presented to the carbon by nitre, carbon burning to CO3 or 
CO gives a much higher temperature than in ordinary combus- 
tion where the O is supplied by the ^r. 

The specific gravity of nitre is 2.07 compared with water. 
Since one cubic inch of water weighs 252.5 gr^ns, one cubic 
inch of nitre weighs (252.5x2.07-) 523 grains. 

Write 2NO3K = N3O60K2. 

The five atoms of oxygen of the NjOb only are available for 
combustion; that is, in 202 gr^ns (weight proportional to the 
weights of two molecules) of nitre there are 80 grains of oxygen 
free to unite with a combustible. Since one cubic inch of nitre 
weighs 523 grains, it will contiun (523:202: ii:80) 207 grains of 
oxygen avulable for combustion, and since 16 grains of oxygen 
gas has a volume of 46.7 cubic inches at 60° F. and 30" barom- 
eter, the 207 grains of oxygen in one cubic inch of solid 
nitre will be equivalent to 607 cubic inches of oxygen gas at 
60° F. .and 30" barometer. And since there is but one volume 
of oxygen in five volumes of m (4N + 0), we arrive at the 
result that one cubic inch of nitre contmns as much oxygen as 
is found in 3000 cubic inches of air at 60° F. and 30" barometer. 

It is this fact that causes the high temperature of explosives 
of black gunpowder. The nitre presents the oxygen to the 
charcoal and sulphur in concentrated and pure form, and the 
naction between the minute particles of the mixture takes 
place at each point in a very short time. All of the nitrates 
that are used in explosives are, like nitre, oxygen-carriers. 

Almost all of the nitre now used in the manufacture of gun- 
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powder is obtained by the conversioD of sodium oitrate into 
potassium nitrate by means of potassium chloride. When 
sodium nitrate and potassium chloride are mixed and the solu- 
tion boiled down, sodium chloride is deposited and potas- 
sium nitrate remuns in the boiling liquid, the reaction being 
NaNOs +KC1 =KN08 H-NaQ. 

The potasfflum chloride required for this conversion is 
obt^ned from the refuse of the sugar-beet root, and from cer- 
tain salt depoats, noti^Iy the salt-mines of Stassfurt, Saxony; 
also from sea-salt, seaweed; the mineral camallite is a double 
chloride of potasaum and magnesium. 



Nitrate, (NaNOs). Peruvian or Chile Saltpetre. 
Cubical Saltpetre. 

This salt is found in large beds beneath the surface of the 
soil in the provinces of Atacama and Tarrapaca, Chile. It 
occurs at depths of from one to five yards, and in strata from 
two to twelve feet thick. The mined earth contains from fif- 
teen to mxty-five per cent of sodium nitrate and a large quantity 
of other salts, such as sulphates, chromates, chlorates, iodates, 
borates, ete. 

The crude nitrate is extracted from the earth by a process 
of boiling and crystallization. As tiius obt^ed it contains 
about one or one and a half per cent of impurities, chiefly 
sodium chloride and sodium sulphate. 

The sodium-nitrate crystal is different from that of potas- 
sium nitrate; the former being a rhombohedron, the latter a 
six-sided prism. 

Sodium nitrate is more hygroscopic than potassium nitrate, 
and on this account cannot be used with advantage in the 
manufacture of exploaves, unless the explosive be kept abso- 
Jutely protected from the air. As mentioned under potasdum 
nitrate, ite chief value in comiection with explosives ts as a 
aouroe from which potassium nitrate may be obt^ned by chem- 
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ical reactioD. It is also used in the manufacture of nitric 
acid.' 

Ammonium Nitrate, (NH4NO3). 

This salt has properties resembling in a general way those of 
the two nitrates just considered. It was formeriy looked upon 
with favor as an oxygen-carrier in exploaves on account of the 
fact that the basic part, NH4, on explosion, gave free gases 
instead of solids. Its excesave hygroscopic properties, how- 
ever, have eliminated it from use, except in a few special explo- 
dves which are so prepared as to be protected against the 
action of the aii. It is used in certun blasting-powders and 
dynamites with a view to redurang the temperature of the 
expIoMon, the weak affinity of the element nitrogen for other 
products of explosion causing a comparatively low temperature 
of explosion; dissociation of the products also favors a lower 
temperature. 

The "fire-damp" gas (marsh-gas, CH*) is explosive when 

■ It ia estintated that, at the present rate of consuinption, the Chilian 
saltpetre beds will be exhauBted in about thirty years. This fact has caused 
a revival of the old process of producing nitrates and nitric acid by the oxida- 
tion of the nitrogen of the air. Over one hundred years ago Cavendish 
observed that the electric spark would oxidiie the nitrogen of the air, which 
is composed of about 70 parte of nitrogen by volume aud 21 parts of oxygen. 
It is only recently, however, and in the face of the prospective disappearance 
of natural sources, that this fact has been considered of use in a commei^ 
cial ^Ky. A plant has been installed at Notodden, Norway, where nitrat« 
of calcium is being manufactured, applying the Cavendish principle. Air 
is foroed at a carefully regulated rate through a disk of electric arcs. The 
high temperature of the arcs causes the oxidation, but unless removed speedily 
from this temperature the uitrogen oxide is decomposed by the same heat. 
By forcing the air through the disk its movement is eo regulated tfuxt at a 
certain velocity/ the oxide is not reducal, and is conducted on to a tower down 
which milk of lime is made to trickle, and this latter absorbs the nitrogen 
oxide. The electricity used at Notodden is generated by water.turbines. 
About 75,000 litrae of air are passed through the plant per minute. Each 
unit produces about 325 tons of calcium nitrate per year, the chemical equiw 
lent of 250 t«nB of nitric acid, 100 per cent, or 337 tons of nitrate of sodium. 
The total capacity of the Notodden plant, three units at present, is equivalent 
to about 1000 tons of Chilian saltpetre per year. 
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mixed with two Volumes of oxygen or ten volumes of air. 
This mixture ignites at about 2200° C. The temperature of 
explosion of most explosives is above this; therefore, when used 
in mines, they may serve to ignite the fire-damp. 

Good types of these so-cailed "safety" explosives are the 
Favier Explosives. P. A. Favier of Paris suggests the following 
safety mixture : 

Favier No. 1 — Ammonium nitrate 88 per cent. 

Dioitronaphthalene 12 per cent. 

The nitrate is dried in a steam-heated tube, pounded in a heated 
mortar, and, while still heated, sprinkled with melted dinitro- 
naphthalene, pressed into cylinders, dipped in melted paraffin, 
and wrapped in paraffined paper. 

When exposed to gentle heat, ammonium nitrate melts at 
150° C, boils at 210° C, and disappears in the form of steam 
and nitrous oxide : 

NH4NO8 + heat = NaO + 2H3O. 

It deflagrates if heated suddenly to a high temperature, as 
by throwing it on a red-hot surface. If very carefully heated 
it may be subhmed. 

Interest has lately been revived in this substance by the 
fact that it is an ingredient in the new explosive, "ammonal." 
This explosive consists essentially of ammonium nitrate and 
pulverulent metallic aluminum, the latt«r being prepared by 
a special process. Some potassium nitrate uid charcoal are 
also present in varying proportions in different grades of 
ammonal. 

The chief claim for ammonal is that the aluminum protects 
the ammonium nitrate from moisture and thus eliminates the 
objection heretofore held against its excessive hygroscopic prop- 
erties. 

Ammonal has pven excellent results as a charge for shell 
and for disruptive purposes. As a mechanical mixture it 
s the insensitiveness of this class of explosives. It must. 
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however, prove itself to be a thoroughly stable mixture when 
stored for long periods of time under the coDditions to be 
found in ordinary service and storage magazines. It is too 
new and untried an explodve, as yet, to merit a place among 
standard military explosives. 

Barium Nitrate. 

Of all the metallic nitrates used in explofdves, barium 
nitrate is least hygroscopic. It is, on this account, used in some 
eases instead of KNO3. It is much heavier than the other 
alkaline and alkaline-earth nitrates. 

It is found in nature as the mineral witherite. Artificially 
it is produced by dissolving the carbonate in dilute nitric acid. 

It is decomposed by heat, leaving the oxide of barium and 
givir^ off oxygen with some form of nitrogen oxide, depending 
on the degree of temperature used. 

It is an ingredient in some of the modem military and sports 
iog smokeless powders. 

Its rate of combustion is slower, its temperature of ignition 
higher, and the quantity of free oxygen available is less than 
for potassium nitrate. 

The per cent of oxygen in the several mtrat«s just con^d- 
ered b given in the following table : 

Sodium nitrate 56.47% NaNOj. 

Ammonium nitrate 60.00% NH4NO8. 

Potassium nitrate 27.49% KNO3. 

Barium nitrate 36.78% Ba{N03)a. 

Of the 60% of oxygen in ammonium nitrate only 20% is 
available as free oxygen, 80% being required for combination 
with hydrogen to form water, as shown by the molecular formula 
when written thus : N20(HaO)2. 

Although barium nitrate gives the lowest percentage of 
by weight, by volume it gives about the same as nitrate of 
sodium on account of its high specific gravity. 
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The ChlontML 

The chlorates are oxygen-carriers like the nitrates. They 
act more readily as oxidizers and at lower temperatures. In- 
deed they part with their oxygen so readily that the heat of 
even ordinary friction will cause the union of their oxygen 
with a combustible.' This is favored in the case of potassium 
chlorate by the fact that ite molecule gives off heat in breaking 
up. At high temperatures the chlorates act violently on all 
combustible substances. Potassium chlorate is the oxidizing 
ingredient in signal and pyrotechnic compositions, being usually 
mixed with sulphur and some metallic compound to ^ve the 
color dedred to the flame. Tlie following combinations may 
be given: 

Bed Fire — (1) 40 grains strontium nitrate thoroughly dried over 
a lamp are mixed with 10 grwis of potasaum chlorate and 
reduced to the finest powder. In another mortar 13 gruns 
of sulphur are mixed with 4 grains of black sulphide of anti- 
mony. The two powders are then placed upon a sheet of 
paper and very intimately mixed with a bone-knife, avoid- 
ing great pressure. 

(2) Another prescription : Charcoal 1 part, shellac 2 parts, 
sulphur 8 parts, potassium chlorate 12 parts, strontium 
nitrate 40 parts. 
Blue Fire.— Potassium chlorate 15 parts, potasaum nitrate 10 
parts, oxide of copper 30 parts; mix in mortar; transfer 
mixture to paper and mix with a bone-knife with sulphur 
15 parts. 
Oreen Fire. — Barium chlorate 10 parts, barium nitrate 10 parts; 
mix in mortar; transfer to paper; mix these with sulphur 
12 parts. 

A composition of friction-primera for cannon confdsts of 
twelve parts of potassium chlorate, twelve parts of sulphide of 

' A mixture of puLverizad potasaium chlorate and sulphide of antimony 
explodes if struck with a hammer. A grain or two oi potaasiuni chlorate 
rubbed in a mortar with a little sulphur will explode. 
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antimony, and one part of sulphur worked into a paste with a 
solution of an ounce of shellac in a pint of grun alcohol. 

The explomve used in fire-crackers is a mixture of potaa- 
aum chlorate and lead ferrocyanide. 

All mixtures of chlorates with combustible substances are 
liable to spontaneous combustion. 

Sulphur, S. 

Sulphur is found in the uncombined state in nature in cer- 
tain volcanic districts. It is found in the combined state espe- 
dally in the sulphide ores of many metals, and in some minerid 
waters as hydrogen sulphide. Among ttie ores may be men- 
tioned iron pyrites (FeS), copper pyrites (CuFeSz), galena 
(PbS), blende (ZnS), crude antimony (SbaSs), cinnabar (HgS). 
Also witb oxygen and the met^ as sulphates, such as gypsum 
(CaSO4.2H20), heavy spar (BaSO*), Epsom 8alta(M^04.7H30), 
Glauber's salte (NajSOi-IOHaO). 

Sulphur is obtained from native vdos in volcanic districts. 
It is obtained also by reduction from the sulphides (either the 
ores or the tank-waste residue of alkali works) . 

The process of getting sulphur from the alkali works is 
known as the Chance-Claus process. Calcium sulphide was 
formerly a useless by-product in the making of sodium cai^ 
bonate.' Now it is a paying by-product. The caldum sulphide 
waste is mixed with water, starred into a paste, and run into 
lai^ cast-iron vessels (carbonizers) ; through this mass COa is 
forced. The effect of heat, moisture, and CO3 ia to form CaCOs 
and liberate 8H2. The SHa is passed into a gas-holder, where 
it is mixed witii ur and burned : 

SH8 + (4N+0)=S+OHa+N4. , 

' The production of GaS in the alkali worica U as foUowa: 

2Naa +SO,H, - S0«Na,+2Ha. 
J S0;^a,+C,-Nft^+400. 
(CO*C»+C-CiiO+2CO. 

Na.a + CaO + CO, - Na,CO, +ChS. 



\: 
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The sulphur obtained by the Chance-Claus process is of 
great purity and requires no refining. 

Native sulphur obtained from the veins is purified by direct 
distillation and subsequent refining to free it of earthy impuri- 
ties. The same process is followed in obtwiing sulphur from 
iron and copper pyrites. 

The refining process is conducted in large retorts connected 
with a subliming chamber and distilling tank; it consists of 
melting down the crude sulphur and distilling it from the 
molten state. 

In refining crude sulphur, whether from native sulphur or 
the pyrites ores, a charge of seven hundred pounds, or over, 
of the crude sulphur is put in a large cast-iron retort. A fire 
is started under the retort. The sulphur will begin to melt at 
239° F, This will be evidenced by the appearance of a fight 
yellow vapor above the mass. The vapor of sulphur rises and 
passes into a subfiming-chamber, where it is condensed and falls 
as "flowers of sulphur." When the temperature of the mass is 
about 560* F., red fumes will be observed in the retort. Dis- 
tillation then takes place instead of sublimation. The vapor 
of sulphur now passes over into a condensing-tank which 
is cooled by circulating cold water, and it is condensed as 
a thick yellow Uquid. The sulphur which first passes over is 
known as sublimed sulphur or flowers of svlphur; it is not used 
t for making gunpowder, as it sometimes contains a small per- 
[ centage of foreign substances; it is returned to the retort for 
reworking. That which is distilled over at the higher tempera- 
ture is known as distilled or roU svlpkur; it is this that is used 
in the manufacture of gunpowder. 

As an ingredient of gunpowder, sulphur is valuable on 
account of the low temperature (500° F.) at which it ignites, 
thus facilitating the ignition of the mixture; its combination 
with the oxygen of the nitre gives also a higher temperature 
than would obtain if charcoal alone were used; this higher 
temperature has the effect of increafdng the rate of combustion 
and pressure of the gases evolved. 
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Heat has an extraordinary effect on the physical condition 
of sulphur. If a quantity of sulphur be placed in a glass flask 
and heated, the following chai^;es will be observed: 

At about 120° C. it is, a pale yellow, limpid liquid. As the 
temperature rises from 120° C. the color grows darker and the 
liquid more viscous until, at 180° C, it is nearly black and 
opaque, and so viscous that the flask may be inverted without 
spilling the sulphur. At this point the temperature remains 
constant, although the application of heat continues, showing 
changes taking place within the molecular structure of the sul- 
phur. On continuing the heat, tiie sulphur becomes liquid again 
at 260° C, though not so mobUe as at first. At 444° C. it boils 
and is converted into a browniah-red, very heavy vapor, and an 
explosion often takes place between the red vapor and the air. 

If the flask be now removed from the flame and decanted 
into water, the sulphur will descend through the water in the 
form of a brown, soft, elastic, rubber-like string. If a portion 
be allowed to remwn in the flask and to cool therein, it will 
pass successively through the same states as described above 
in the inverse order, becoming black and viscous at 180° C, 
and a pale-yellow thin liquid at 120** C; if it now again be 
poured into cold water, it will descend through it in small 
button-like drops of ordinary sulphur. As the portion still left 
in the flask cools it will deposit small tufts of crystals, and 
Anally solidify into a yellow crystalline mass. 

The brown, rubber-like sulphur after a few hours will become 
yellow and brittle; the change is accelerated by gentle heat and 
is attended with an evolution of the heat made latent at the 
180° C. stage. 

The roll svlphvT, or distilled sidphttr, used in the manufac- ] 
ture of powder is always easily soluble in carbon disulphide; 
the flowers of sulphur only partially so. 

Charcoal. Carbon. C. 
Carbon is the combustible element of most explosive mix- 
tures, and it is present in combination with hydrogen in most 
explodve compounds. Its function in all cases is to combine 
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with oxygen, producing either CO or COj, the heat resulting 
from this chemical reactioD causing increased volume of the 
gases produced. 

In black gunpowder and other mechanical mixtures the 
carbon is supplied in the form of pulverized charcoal. The 
charcoal used in the manufacture of powder is obtained by the 
destructive distillation of certain woods and woody fibres, such 
as willow, alder, dogwood, and rye straw; the hghter woods 
being used because they give a charcoal more easily combustible 
than the heavier ones. 

The charring is done in a metallic cylinder placed in a retort 
over a fm-uace-fire. The effect of the heat is to drive off the 
volatile parts of the wood; these pass off for the most part 
in the form of wood naphtha (CH4O) , p3'roligneous acid (C2H4O2) , 
carbon dioxide, carbon monoxide, and water, leaving a residue 
containing from 70 to 85 per cent of carbon, associated with 
small quantities of hydrogen (5% to 3%), oxygen (23% to 
10%), and ash (about 2%) conmsting of the carbonates of 
K, Ca, Mg, calcium phosphate, potasaum sulphate and silicate, 
sodium chloride, oxides of Fe and Mg. 

The wood conmsts of sticks about } to | of an inch in diam- 
eter, cut into short lengths. It is cut when in full sap, in the 
spring of the year, is stripped of it^ bark, and dried for a con- 
siderable time either in the open ur or in hot-air drying-chamber. 
Charcoal tiiat is charred in cylinders is called cylinder charcoal, 
to distinguish it from the common pit charcoal. 

After charring, the charcoal is kept for about two weeks 
exposed to the air; it is then ready for grinding for powder- 
making. If ground at once after charring, there is danger of 
spontaneous combustion from combination with oxygen of aii. 

The charring process takes from 2J to 3J hours; its com- 
pletion is known by the blue flame of CO burning to COa at 
the mouth of the pipe which conducts the volatile products of 
distillation from the retort to the flame of the furnace under 
the retort. The. charred wood weighs about 30% of its original 
weight. 
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If charred at temperaturea above 400° C, the product is not 
sufficiently friable. At very high temperatures, 1000° to 1500* 
C, the charcoal is very hard, dense, and rings with a metallic 
sound. 

The temperature of ignition varies directly with the tem- 
perature of charring. Charcoal that has been charred at 260° 
to 280° C. will ignite at from 340" to 360° C; that made at 
290° to 350° C, at from 360° to 370° C; that at 432° C, at 
about 400° C. ; that at 1000° to 1600° C, at 60ff> to 800° C. 

If mixed with sulphur, it ignites at lower temperatures; 
that made at temperatures under 400° C. mixed with powdered 
sulphur will ignite at 250° C. If the charcoal has been made 
at higher temperatures, the sulphur bums, leaving tiie charcoal 
unchanged. 

The capacity of charcoal to decompose the nitrates varies 
in the same way. Charcoal made at temperatures between 
270° and 400° C. will combine with saltpetre at 400° C; if 
made at temperatures of 1000° to 1500° C, it combines only 
when heated to redness. 

Freshly made charcoal has remarkable powers to absorb cer- 
tun gases into its pores. One cubic inch of charcoal will absorb 
100 cubic inches of ammonia oxygen gas, 50 cubic inches of sul- 
phuretted-hydrogen gas, 10 cubic inches of oxygen, and 7 cubic 
inches of water-vapor. This is purely a mechanical efEect, but 
the intimate association of such gases in the mass of charcoal 
in time develops chemical action and leads to spontaneous com- 
bustion. Freshly prepared charcoal, pulverized and stored in 
that form, will ignite spontaneously if the mass is over two 
feet deep. The ignition begins at the bottom or near the 
bottom. Samples thus treated have ignited in 36 hours. 

The property of freshly made charcoal to atworb gases is 
made use of in deodorizing sewers, cesspools, etc. 

The charcoal used in the manufacture of brown powder is 
made from rye straw. The straw is carefully selected, only the 
large, firm, perfect stalks being taken. The charring is done 
by superheated steam at a relatively low temperature. The 
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charcoal contains about 48 per cent of carbon, 5.5 per cent of 
hydK^n, 45 per cent of oxygen, 1.5 per cent of ash. 

Compounds of Organic Origin.^ 
Most of the recently developed explosives, whether used 
for propulsion or disruptive effects, are derived from organic 
substances. Substances of organic ori^n are also used in their 
manufacture. It therefore becomes necessary to present some 
of the more simple relations existing among these substances 
and to define certain general terms. 

The organic substances enumerated below may be regarded 
as the most important ones in connection with explosives. 

1, The Hydrocarbons. — Compounds of C and H only, in 
various modes of grouping, starting with the saturated hydro- 
carbon, CnH3„+2, the isologous series down to C„H2„_a, with their 
derivatives constitute the fatty group, because many of them 
exist in fats; the CnHan-a gro'-'P BStd its derivatives constitute 
the aromatic group, because many are obtained from balsarns, 
essential oils, gum resins, etc. The physical state of a hydro- 
carbon may generally be known from the number of C atoms 
present in its molecular formula. If there be 4 or less, the 
substance is gaseous; if more than 4 and less than 12, it is 
liquid; if more than 12, solid. Most hydrocarbons are obtained 
by the fractional distillation of organic substances and are volar 
tile; they have characteristic odors, are insoluble in water, 
soluble in alcohol, ether, and carbon disulphide. 



' The following organic radicals should be noted: 


CHOy occurring i 


n alcohols and phenols, called hydroxyL 


(COr " ' 


ketones. 


' carbon^. 


(CO-Hoy 


acids. 


• carfioljrf. 


(CH,)' " ' 




' m^yl. 


(c,H,y 


grain " 


• ethyl. 


(C.H,)' " ■ 


benzine derivatives, 


' pher^yl. 


iCH/X>Y " ' 


acetic 


' ac^yl. 


(NO,)' ■■ ' 


nitro-compoundB, 


• ntiryl 


ThB ending "yl" indicates an unsaturated radical 






inclosing the radicals. 
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The most important of the hydrocarboD series in explosives 
are: 

(o) The Paraffins. — General formula C„Ha„^_3, in which n 
represents any whole number. They are derived 
from the fractional distillation of mineral oil, 
(6) The Olefins. — General formula CnH2„, in which n repre- 
sents any whole number not less than 2. They are 
found in the products of distillation of coal, wood, etc. 

(c) The Acetylenes. — General formula C„H2b_ 2, in which n 
* represents any whole number not less than 2. The 

first member of this series, acetylene, C^H:, is formed 
by the direct union of carbon and hydrogen under 
the influence of high temperature. The molecule 
16 endothermic, 61,100 units of heat being absorbed 
in its formation. It is the only hydrocarbon that 
has been formed by direct union of its elements. 
The acetylenes are found in the products of distilla- 
tion of all substances rich in carbon and hydrogen. 

(d) The Benzines. — General formula C„H2„_a, in which n 
represents any whole number not leas than 6. The 
hydrocarbons of this series are extracted from the 
coal-tar obtained by the distillation of coal in manu- 
facturing illuminating-gas. 

2. The Alcohols. — From their chemical behavior they may 
be considered as hydroxides of the par^n hydrocarbons, and 
represented by the general formula CbH2„+2_,(H0)i, in which 
n represents any whole number, and x any whole number not 
greater than n. Example : 

H H 

C2HS.HO, H-C— C— (HO), ethyl alcohol. 
■ 1 



^ 



H 



3. The Ethers. — They may be regarded as derived from the 
alcohols by the replacement of one or more atoms of hydrc^n 
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of the hydroxyl radicals of alcohols by a univalent paraffin 
hydrocarbon radical. Example: 



C2Ha.O.C2H5, H— C— C— O— C— C— H, ethyl ether. 

They may also be regarded as the oxides of t^e paraffin hydro- 
carbona. Under this conception, the molecular formula for 
ethyl ether would be written (C2Hb)zO. 

4. The Ketones. — They may be regarded as combinations of 
hydrocarbon radicals of the paraffin series with carbonyl (CO). 
Example: 

H H 

(CH8)iC0, H— C— (CO)— C— H, acetone. 
H H 

5. The Phenyls. — ^They are derived from benzine (CsHe) by 
substituting hydroxyl (HO) for one or more atoms of hydrt^en.. 

Example: . 

H 

H C H 

vv 

0(iH,.HO, I Jl , phenol. 



VV/\ 



C H 

I 
(HO) 

6. The Quinones. — They may be considered derived from 
benzine by substituting two oxygen atoms for two hydrogen 
atomB. Example: 
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H 



H i 



C C-0 
CeH^Oa, II I I J fiuinone. 



A 



7. The Gatiohydraiea.—Thsae are combinations of ax atoms 
of carbon, or some multiple of six, with some multiple of the 
water group (H2O). Example; Co(H20)6, cellulose. 

The Benzino Series. 

Benzine itself (CeHe) is not used as an explosive, but lately 
certain of its derivatives have come into prominence as dis- 
ruptive ezploaves, particularly as charges for shell. 

The chief source of benzine is coal-tar. In the distillation 
of coal-tar, that porUon of the distillate which passes over 
between 79^ and 82° C. consists chiefly of benzine ; it is puri- 
fied by cooling below 0° C, at which temperature it solidifies 
and the lighter hydrocarbons then may be squeezed out by 
pressure. It boils at 80° C. It is insoluble in water, soluble 
in ether, acetone, chloroform, and alcohol. It is a solvent 
for fats and indiarrubber, resin, sulphur, essential oils. It is 
inflammable, bumiog with a smoky flame. It is very volatile 
and ite vapor is heavier than an. This vapor mixed with a 
certain proportion of fur is explosive. These facts make it 
necessary to be careful about exposing benzine to evaporation 
in laboratory or elsewhere. The lower stratum of fur in a room 
may be heavily charged witli benzine vapor and the odor of 
it not be detected by-a person standing. It has a strong char- 
acteristic odor. 
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Nitric acid acts upon it, converting it into nitrobenzine. 
Tile structural formula of benzine may be written as follows; 

H 

I 

H C H 

\Z\/ 

C C 



h/V\ 



The action of nitric acid is to substitute one or more nitryl 
groups (NOa) for one or more atoms of hydrogen, ^ving rise 
to the following molecular relations: 

CbBb-NOz, C«H4.CN02)2, C6Ha.(N03)s; or, structurally, 

(NOa) (NOz) (NOa) 

H C H H C (NOa) H C (NOa) 

vv vv vv 

i I . i I i I! 

„/\/\ 

H C (NO2) 



/v\ /v\ 



Hononitrobenzine. Nitrobenzine. Mlrbane Oil, 

CeHjOJOa). 

This substance is produced by adding one part of benzine 
to three parts of a mixture of nitric acid (sp. gr. 1.40) and 
sulphuric acid (sp. gr. 1.84), this mixture being made up of 
40 parts of the former to 60 parts of the latter. 

The benzine is added gradually, avoiding too violent chem- 
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ical action. The heat due to this action must not be allowed 
to rise too bi^, the reaction being conducted in running water. 

Mononitrobenzine may be made also by dropping benzine 
into the strongest nitric acid, or into a mixture of equal volumes 
of ordinary nitric acid and sulphuric acid. A violent chemical 
action results, giving rise to red fumes and the hquid becomes 
red. On pouring the liquid into several times its volume of 
water, a heavy oily liquid falls, which is mononitrobenzine.. 
The reaction is 

C«H6+N02.HO=CflH8.NOa+HaO. 

The red fumes result from a secondary reaction not repre- 



The sulphuric acid if used is present merely to maintun 
the nitric acid at efficient strength by combining with the 
water formed; it undergoes no resultant chemical change. 

When the chemical action ceases the mixture is allowed 
to cool. The nitrobenzine will be found floating on the top 
of the waste acids. The latter are separated from the former 
by a siphon. The liquid remaining is "purified" of free acid 
by washing with water containing a small quantity of sodium 
carbonate. In order to avoid the formation of dinitrobenzine, 
an excess of benzine must be used in the process. A certain 
quantity of unnitrated benzine, therefore, remains mixed with 
Uie nitrated product. These are separated from each other 
by a process of vaporization, benzine volatilizing at 80° C, and 
mononitrobenzine n9t until 205° C. 

Mononitrobenzine has the characteristic odor of almonds. 
It is sold conunercially as mirbane oil, which consists of the 
substance dissolved in alcohol. In this form it is used in per- 
fumery and as a flavoring in confectionery. It is poisonous in 
large doses both as a vapor and a liquid. It is only slightly 
soluble in water. It dissolves readily in alcohol, benzine, and 
concentrated nitric acid. 

Cold mononitrobenzine dissolves nitrocellulose, reducing it 
to a pasty or jelly-like mass. Indurite, a smokeless powder 
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invented by Professor C. E. Munroe, consists of guncotton 
freed of the lower nitrocellulose by treatment with methyl 
alcohol and nuxed with mononitrobenzine (9 to 18 parts of 
nitrobenzine to 10 of guncotton). Suitable oxidizing salts 
may be added. The mixture is then treated with hot water 
or steam, which has the effect of hardening it to the con^tency 
of bone or ivory, hence its name. 

Mononitrobenzine is not explosive alone, but, under, the 
application of heat, decomposes with evolution of nitrous 
fumes. 

If heated to a hi^ temperature in the presence of oxygen, 
as when a small amount is placed on a red-hot iron plate, it 
will detonate. 

Ignited in the open axt, it bums with a reddish smoky flame, 
owing to the fact that the oxygen of the wr does not, under 
these conditions, combine with the freed carbon. If mixed 
with explosive substances, such as ,gimcotton, nitroglycerine, 
etc., the mixture may be detonated by a suitable fulminate 
of mercury primer. 

Mixed with nitroglycerine it serves to lower the freezing- 
point of that explosive. 

Mixed with potaaaum chlorate it forms the explosive known 
as rackarock. 



Dinltroben^e, C«H4(N0a)z. 

There are three dinitrobenzine isomers having the same 
molecular formula but having different physical character- 
istics, viz.; metft- melts at 89° C, ortho- at 118* C, para^ at 
172° C. 

The dinitrobenzine molecule may be represented as follows, 
illustrating the principle of isomerides, having the same num- 
ber of atoms in a molecule and the same elements, but possess- 
ing different physical properties, due to the different structural 
-arrangement of the atoms within the molecule. 
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(NO,) (NO,) (NO,) 

H (NO H H H C H 

\/\/ \/v vv 

I I 



CO c 







/V\ H^W) /v\ 

H ll (KO2) 



The theory is, that when adjacent atoms are displaced one 
substance is produced; when alternate, another; and when - 
opposite atoms, stall another. That is, the benzine ring of six 
carbon atoms may give rise to the three isomeridea, 

Dinitrobenzine is made as explained for mononitrobenzine, 
except that the acid mixture is maintained at boiling tem- 
perature. On cooling, a yellowish crystalline soUd separates 
from the liquid in long brilliant prisms. This solid is a mixture 
of the three dinitroisomerides with the meta- predominating. 

It is soluble in warm water and alcohol, and like the mono- 
compound is poisonous. 

Heated in open air it melts, and if the temperature be raised 
it ignites and bums with a smoky flame. 

When mixed with oxidiziDg substances it fonns an explo- 
ave. In this way it is an ingredient of many modern explosives 
(see Cundill's Dictionary of Explosives). 

Trinitrobenzine, C6H3{N02)3. 

This explosive is prepared by treating metadinitrobenzine 
with concentrated nitric acid and fuming Nordhausen sulphuric 
acid. 

While the substance possesses possibilities of use as an 
ingredient of explosives, little use has been made of it up to 
the present time. 
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ITaphthalene, CioHa. 

This substaDce is a transparent crystalline solid having the 
characteristic odor of coal-gas. 

Its chief source is coal-tar. In the fractional distillation of coaJ- 
tar it passes over when the temperature rises just above 200° C. 

When coal-tar is distilled the benzine hydrocarbons first 
pass over, constituting what is known as light oil. As the tem- 
perature rises, a heavier yellow oil, heavier than water, passes 
over. This is known as dead oil; it is much more in quantity 
than the light oil, amounting to about one-fourtii of the bulk of 
the tar; it contains those constituents which have a high specific 
gravity and high boiling-point. As the temperature of the dis- 
tillation gets above 200° C, a solid is formed in the distillate 
as it cools; this is crystalline naphthalene. It is separated from 
the hquid by pressure. It is freed from the heavier products 
by sublimation. If heated gently at about 200° C, it sublimes 
over and may be collected in tiie form of small transparent 
white crystals. 

It is inflammable, bunung in tur mtii a smoky flame. 

It is insoluble in water; soluble in alcohol, ether, and benzine. 

Id its chemical relations it is closely allied to benzine. 

The substitution products derived from naphthalene have 
many isomerides, depending on which atoms of hydrogen are 
displaced. 

Its relation to benzine is illustrated by its structural for- 
mula, which is written as follows: 

H H 

H C C H 
\/\/\/ 

c c c 
c c c 

h/vv\ 
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The nitro-substitution products iare more numerous, as a 
matter of course, than those of benzine, since there are a greater 
number of hydrogen atoms available for replacement by the 
nitryl radical (NOa). 

While this substance is not exploave alone, some of its 
derivatives are susceptible of forming exidosives, and the many 
possibilities presented by a study of its derivatives marks it as 
one of the most promising organic substances in connection 
with further developments of explosives. 



Hononitronaphthaleoe, CioH7(N02). 

Pulverized naphthalene is added to a mixture of four parts 
of nitric acid (sp, gr, 1.40) and five parts of sulphuric acid 
{sp. gr. 1.84). The naphthalene is added little by little and 
constantly stirred. The temperature of the mixture is kept so 
that it does not fall ijelow 160° F., in order that the nitro- 
naphthalene formed will not solidify. When the nitration is 
completed the charge is run off into lead-lined tanks, wherein 
the inononitronaphthalene crystallizes out. It is separated by 
pressure from the waste acids, washed in hot water, then granu- 
alted in cold water and washed until all trace of free acid is 
removed. 

It melts at 61° C, and crystallizes from the fused state in 
needle-like yellow crystals. It is only slightly volatile when 
warmed or heated by steam. 

It is insoluble in water; soluble in alcohol, ether, benzine, 
carbon disulphide. 

If heated above 300° C, it decomposes. 

It is not explosive alone, but in connection with oxygen- 
carriers may become explosive, as, for example, in the Favier 
explosives of France, in which it is associated with ammonium 
nitrate. 
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Dinitronapbtbalene, CioHsCNOjjz. 

This is made from the moaonitroDaphthaleDe by heating 
it with cold coDcentrated nitric acid, or from the utmitrated 
naphthalene by nitrating at boiling-heat until entirely dissolved, 
using the strongest acid, or a mixture of a weaker nitric acid 
(1 part) with sulphuric acid (2 parts). 

It is a bright-yellow crystalline solid, the crystals forming 
in long slender needles. 

It melts at 185° C, It is insoluble in' water, slightly soluble 
in ether and in alcohol, less so in carbon disulphide and cold 
nitric acid. It is readily soluble in hot xylene, benzene, aceUc 
acid, and turpentine. 

If crystallized from ita solution in acetic acid, it appears to 
take tJie form of an isomeride having a melting-point of 216° C. 

It is chiefly used in the "safety" explosives in association 
with ammonium nitrate. 

Trinitro- and tetranltro-naphthalene may be formed by 
repeated nitration of dinitronaphthalene at higher temper- 
atures. While possibly av^able aa ingredients of explosives, 
associated with oxygen-carriers, little use has as yet been 
made of them. 



Pbenol, CaHB(HO). Carbolic Acid. 

Also called pkenic add, hydroxifi>emine, benzine hydroxide 
and monohydrale of benzine. 

It results from the oxidation of benzine. 

Its chief source is coal-tar. It passes over in the fractional 
distillation of coal-tar between 150° and 200^0. It fonns a 
part of the "heavy oil" in this process. After the distillation 
of heavy oil is allowed to cool-and the naphthalene has crystal- 
lized out and been separated, the remaining liquid is treated 
with caustic soda and stirred. On standii^, two layers of 
liquids are observed. The upper layer consists of the higher 
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hydrocarbons of the benzine series, the lower of a solution of 
sodium phenylate. This is act€d upon by sulphuric acid and 
purified by further fractional distillation.- The phenol distils 
over at between 180° and 190° C. ; from the distillate it crys- 
tallizes out on cooling in needle-like crystals. 

It fuses at 42° C; boils at 182° C; is soluble in 15 parts 
of cold water; readily soluble in ether and alcohol. 198 parts 
by weighfrcorrJbine with 18 part6 by weight of water, when heated 
together, forming the aquate (CeH2H0)sAq, which forms on 
cooling six-sided prisms; the aquat« fuses at 16° C. and is readily 
soluble in water. The commercial phenol is usually the aquate 
and soon becomes liquid when the bottle is placed in warm 
water. Once fused it has a tendency to remmn in that state, 
but solidifies suddenly if the cork is removed. 

It blisters the skin and is very poisonous. 

It b used as an antiseptic and to arrest fermentation and 
putrefaction. 

(HO) 

H C H 



C 
Its structural formula is: 



\/V 



ii A 



I 

H 

Phenols combine more readily with alkalies than alcohols 
do, and this property gave rise originally to the designation 
"acid" used with it. It may be deoxidized by passing ita 
vapor over heated zinc-dust, C6H2(HO) +Zn=C6Hfl + ZnO. 

Certain compounds of phenol are used as color tests for 
acids and alkalies. 

* Beosine forms other hydtoxidee, including dihrdrozides C3i (HO), and 
th« trihjrdroxide C,Hi(HO)i, pyrogallol. 
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The aqueous solution of phenol gives the following color 
indications: 

With ferric chloride: purple-blue. 

With ammonium hydroxide and calcium chloride: blue. 

With mercury dissolved in nitric add: yellow precipitate. 
The yellow preeipitate dissolves with dark-red color in nitric 
acid. 

The most inportant of its color-test compounds is Phe- 
nolphthalein. This is used in the manufacture of all qitro-ex- 
plosives to test for the presence of the salts of sodium or potas- 
sium, the presence of the carbonates or hydroxides of these 
metals being indicated by a red color. If a carbonate is tested, 
it should be in boiling solution, driving off free COa, as free CO2 
will neutralize the test, phenolphthalein giving no color in excess 
of COa. 

Picric Add, (C6H2.HO(N02)8). Trinitrophenol. 
(HO) 
(NOj) C (NOb) 

vv 

Its structural formula is: U I 



(NO3) 



When phenol is treated with nitric acid it may form three 
nitrates, namely: mononitrophenol (C6H4.HO.NO2), the dinltro- 
phenol (C6H3.HO(N02)2), and the trinitrophenol. The last only 
has, as yet, found application in explosives. It recently has 
found use not only as an explosive itself, but more particu- 
larly as an ingredient of special explosive mixtures. It and 
its salts (the picrates) find appUcation in detonating or dis- 
ruptive explosives only. Most of the new so-called "shell-filler" 



D,g,tza:Jb.GOOglC 



SUBSTANCES USED IN THE MANUFACTURE OF EXPLOSIVES. 77 

explosives are either picric acid, mixtures with it or derivativeg 
thereof. Among these may be mentioned Ecrasite, Austrian; 
Lyddite, En^ish; MeUinite, French; Shimose, Japanese; Abel's 
picric powder and BrugSre's powder (nitre and picrate of am- 
monium) ; one form of Rackarock (nitrobenzene and picric acid). 

MANUFACTURE OP PICRIC ACID. 

Equal quantities by weight of concentrated HaSO* and 
phenol are mixed in an iron vessel, stirred and heated by steam 
to from 212° to 250° F. From time to time teste are made 
to see if the phenol -sulphonic acid formed is soluble in cold 
water. When this is so the mixture is allowed to cool and 
twice the quantity of water is added. 

The nitration then takes place in earthen vessels standing 
in running water which can be heated by steam-pipes. 
Three parts by weight of nitric acid is placed in these receivers 
and one part of the sulphonic solution is added. The latter 
is allowed to run in gradually, as at &rst the reaction is violent. 
Afterwards it becomes sluggish and then steam is turned on 
and the temperature of the solution raised to restore the chemi- 
cal action. 

The picric acid formed separates at first as a sirupy liquid 
and becomes crystalline on cooling. It is separated from the 
mother-liquor in a centrifugal machine, and is washed in the 
same machine with pure warm water. The crystals are fur- 
ther purified by redissolving in warm water, recrystallizing, 
and finally drying at 95° F. 

The reactions of the process are: 

CflHsHO + HaSO* = CeH4(S03H)HO + HsO ; 

Ptwnal-aulphonic mild 

C8H4(S08H)HO+3HNOa=C6H2(NOz)30H + H2SO*+2H30. 

Picric acid has an extraordinarily bitter taste. 
It always ^ves an add reaction. 
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It is sparingly soluble in cold water; it dissolves in hoi; 
water, gi\Tng a bright-yellow color to a large volume of 
water. 

It dissolves readily in alcohol. Its solution stains the 
skin and other organic matter yellow and is used in dyeing for 
this purpose. It is one of the few acids which form sparingly 
soluble potassium salts. A cold aqueous solution of picric 
acid is an excellent test for any soluble potassium salt, giving, 
when added, a yellow, adherent, crystalline precipitate of 
potassium picrat«. This salt in the solid state and dry is 
very sensitive, exploding with violence if heated or struck. 

Considerable diversity of opinion has existed as to whether 
picric acid is explosive if subjected to simple heating. There 
is no doubt that it is less explosive than nitroglycerine and gun- 
cotton. If a small mass is heated in a capsule or flask, it melts 
and gives off vapors which ignite and burn without causing 
an explosion, A very small quantity may be sublimed if care- 
fully heated in a ^ass tube. It is a mistake, however, to think 
that picric acid is incapable of explosion by simple heating. 
If it is heated to a high temperature, it decomposes with disen- 
gagement of heat, developing a process of oxidation. When a 
decomposition liberates heat, its rapidity increases with the 
pressure or confinement for a given temperature, or with the 
temperature for a given pressure; in the latter case, the decom- 
position increases very rapidly. This principle suggests that 
picric acid would explode if either the temperature or pressure 
of its environment should increase, and still more rapidly if 
both temperature and pressure increased together : this is the 
condition existing when it is heat«d in a closed space. 

Picric acid may, in accordance with these principles, be 
made to detonate if heated very suddenly to a high temperature 
in an open vessel at the ordinary pressure, especially if the 
vessel be heated itself beforehand, so that there is little loss of 
heat by conduction. 

If a ^ass tube 25 to 30 mm. long be heated to redness 
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and one or two small particles of picric acid be thrown into it, 
they will explode before they can vaporize. It the mass be 
coosideraby increased, the walls of the tube may be sufficiently 
cooled -by the mass of the picric acid to modify or destroy 
entirely the explodve effect. 

Similar experiments may be conducted with mononitro- 
benzene, dinitrobenzene, mono-, di-, and tri>nitronaphthalene. 

The nature of the decomposiUon, whether explosive or non- 
explofflve, and the degree thereof depend on the temperature 
of the enclosure, the temperature and mass of the explosive 
used. 

If, however, a large mass of an explosive, like any of those just 
named, were to ignite in a closed space, its decomposition would 
generate more and more heat, the temperature would rise higher 
and hi^er, and the phenomenon might cause a detonation at 
some particular point, and the explosive wave there started 
might be transmitted throughout a very large mass. 

In 1887 a disastrous explosion of picric acid took place in 
the chemical works of Messrs. Roberts, Dale & Company, at 
Manchester, England. An investigation at that time, and 
experiments ance made, have revealed the fact that if picric 
acid is in contact with some metals or the oxides or nitrates 
of some metals, such as lead, iron, strontium, potassium, 
it is quite likely that very sensitive explosive salts may 
be formed. Litharge, the oxide of lead, particularly, has a 
tendency to form very sensitive compounds if in contact 
with picric add, and may cause the detonation of a large 
mass of it. 

Many acddents have resulted in handling shells charged - 
with lyddite which sk presumed to have been due to the for- 
mation of such sensitive compounds. 

For these reasons red or white lead should not be used to 
seal the screw-threads of shell-plugs when the shells are filled 
with picric acid or derivatives thereof. 
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Picrates, C6H3{N02)3-MO. (In which M represeDts some 
metal radical.) 



Structural formula: 



(MO) 
(NO,) C (NO,) 

vv 



(N( 



Oa) 

For many years attempts have been made to use tiie picrates 
of certain metals aa ingredients of explodvee. In 1869 a clasa 
of powders were introduced in France, known as Designolle's 
Powders, consisting of picrate of potasfflum, nitre, and diarcoal. 
Potassium picrate is, however, too sensitive to give a serviceable 
■explosive. About the same time, Brugfere in France and Abel 
in England suggested the use of ammonium picrate instead of 
potasfflum picrate. These powders gave excellent results. 

Brug^'s powder contained: 

Rcrate of ammonium 54 parts 

Nitre 46 " 

It was stable, safe to manufacture, burned •mih slower rate 
than black powder, was less hygroscopic, had little smoke, 
small residue, did not attack metals. In the small-arm riSe it 
gave about 2} times the effect of black powder, 

Abel's powder was practically the same, the proportion 
being 60 parts of ammonium picrate to 40 of nitre. 

Ammonium picrate appears to be the only picrate which 
has ^ven satisfactory results. While the metallic picrates are 
very sensitive to shock, ammonitmi picrate is quite insensitive. 
It is also very stable, showing no tendency to form ammonium 
nitrate in the above mixtures. 
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It is easily made by saturating a hot solution of picric acid 
with a concentrated solution of ammonium hydroxide, or by 
passing ammonia-gaa through a hot solution of picric acid. As 
soon as the solutiCin is completely saturated with the new salt 
it is allowed to cool, when ammonium picrate separates in the 
form of long yellow prisms, 

If ignited, it burns without any tepdency to explosion. 

It is insensitive to shock of any kind, and can be detonated 
only by a very powerful primer. 

Alcohols, Ethers, Ketones. 

Alcohols and alcohol derivatives are used either in the 
manufacture or as ingredients of modern explofdvea. 

The alcohols may be regarded as formed from the hydro- 
carbons of the paraffin series by substituting the radical HO 
for one or more of the hydrogen atoms. They are, therefore, 
as already indicated, properly organic hydroxides of the paraffin 
series. Some authorities consider all hydroxides of the hydro- 
carbons as alcohols, there being a series of alcohols correspond- 
ing to each series of hydrocarbons. 

Alcohols contuning (HO) are monohydric; 
" " (Hoia " dihydric; 

" " {HO)b " trihydric; 

" " etc. " etc. 

There are but two alcohols proper which need be described 
in connection with substances used in explosives, namely, 
monohydric ethyl alcohol, CaH5.H0, and trihydric propenyl 
alcohol (glycerine), C3H5(H0)a. 
' The structural formula of ethyl alcohol is 

H H 

H-€— C— (I 



H-€— C— (HO) CaHj-HO; 
of glycerine: 



ki 
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H 

-(HO) 
H— O-(HO) CsH,.(HO)a. 



■h4- 



H— C— (HO) 

H 

Two other substances may be referred to here as allied in 
fltructure to the alcohols, ia order to emphasize both the rela- 
tion existing and the differences in structure. 

1, Ethyl ether, which, as before explained, is the oxide of 
the paraffin hydrocarbon radical, C2HS. Its molecular formula 
is (C2Ho)20 and its structural formula is 

H H H H 

H— C— C— O— C— C— H 

u u 

2. Cellulose. — This has a more complex structm^. It does 
not fall strictly under the alcohols or ethers, but its chemical 
behavior leads to its ctassitication as a hexhydric alcohol. 
Under this conception its structural formula, using a double 
grouping.. may be written as follows: 

I O-d— H H— i— H 

0-C-H H— C— (HO) 
I I 

(HO)-C^H H— C— (HO) 

(HO)— C— H H-0-(HO) 

I 
(HO)-0-H 

I I I 

H-C-H H-C-0' 

! t 

' QuJDone arrangement HiiggeHted by Dr. John W. Mallet, University of 
Virginia. See Walke's Lectures on Explosives, p. 205. 



H-C-0 
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Another hydrocarbon derivative closely allied to the fore- 
going is acetone or dimethyl ketone (CH3.CO.CHs). The 
relation ia as follows: 

Acetic add results from the oxidation of alcohol; 

C2H5.HO + 02 - CHa-HO.CO + H2O. 

Acetone may be considered as derived from acetic acid by 
xlisplacing the HO group by a paraffin hydrocarbon radical, thus : 

acetic acid: CHa.CO.HO; acetone: CHa.CO.CHa. 

Acetone Ib the standard solvent for hi^y nitrated 
-celluloses need in smokeless powders containing nitroglycerine, 
And ordinary guncotton for demolitions, etc. 

A mixture of ethyl alcohol, (C3H6)H0, and ethyl ether, 
(CaHa)20, in the proportion by volume of 1 to 2 is used in dis- 
solving nitrocellulose of medium nitration in the manufacture 
of smokeless powders that are made of pure nitrocellulose 
without an admixture of nitroglycerine. 

Ethyl Alcohol. Vinic Alcohol. * Alcohol. CaHfl-HO. 

When mixed with water known as spirits of wine. 

As stated above this substance is one of the ingredients of 
the solvent used in coUoiding nitrocellulose m making smoke- 
less powder. 

It is a colorless liquid having a characteristic odor and 
burniog taste. 

Pure or "absolute" alcohol has a specific gravity of 0.794 
it 15°C. Itfreezesat -130.5''C. Its boiling-point is 78.3° C. 
It bums with a blue smokeless flame, the reaction of com- 
bustion Being as follows: 

C»H6.H0 + Ob = 2C0i + 7H2O. 

It evaporates rapidly in the open wr without combining 
mth oxygen. Exposed to the £ur it absorbs water. Bottles 
tcontfdning it should therefore be tightly corked. It mixes 
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with water in all proportions, evolving little heat and giving 
a mixture rather smaller in volume than the siun of the volumes 
of the constituents. 

Next to water it is the most universal solvent. It is 
especially useful as a solvent of certain resins and alkaloids 
which are insoluble in water. 

To test for alcohol in a liquid add HCl and enou^ potassium 
dichromate to ^ve an orange-yellow color. Divide between 
two test-tubes for comparison. Heat one until the liquid 
boils. If alcohol is present, the color will change to green 
and give off odor of aldehyd. 

The strength of alcohol is usually determined by its specific 
gravity. This may be determined by using a hydrometer for 
liquids lighter than water, or by weighing a few cubic centi- 
metres carefully measured, the weight in grama per cubic 
centimetre will be its specific gravity (1 cubic centimetre HaQ 
at standard density = 1 gram). 

In the commercial grades, rectified spirit has a specific 
gravity of 0.838 and contains 84% of alcohol; proof spirit has 
a specific gravity of 0.9^ and contans only 49% of alcohol. 
This is the weakest spirit that will answer the old rough proof 
of firing gunpowder which has been moistened with it. 

Ethyl Ether, (C2Hs)30. 
May be considered as derived from the corresponding alcohol 
by process of dehydration. Ethyl ether is sometimes called 
sulphuric ether, from the fact that it is prepared by distilling a 
mixture of ethyl alcohol with sulphuric acid in the proportion 
by volume' of 2 to I. The sulphuric acid is left unchanged by 
the process, the reaction being apparently as follows: , 

1. Production of hydro-ethyl sulphate (H.C2HS.SO4) : 

CzHs.HO + HjSOi - C2H6.H.S04 + HaO. 

2. Production of ethyl ether heating with more alcohol at. 
140PC.: 

CaHs.H.SOi-!-C2Hs.HO = (C2H6)20 + H2S04. 
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The ethers as a class are insoluble in water and lighter 
and more volatile than the corresponding alcohols. They are 
not as easily acted upon by other bodies chemically as 
alcohols are. 

Ethyl ether is a very mobile, colorless liquid with a charac- 
teristic odor; has specific gravity of 0.70 at 15° C; it boils at 
34.9° C; evaporates rapidly in air at ordinary temperatures, 
producing great cold and yielding a heavy vapor (specific 
gravity 2.59) which is very inflammable and in unskilled hands 
is dangerous. It is very sparingly soluble in water, requiring 
10 volumes of H3O to dissolve 1 volume of ether. 34 volumes of 
ether are required to dissolve 1 volume of HjO. But commer- 
cial ether contains alcohol, and this latter takes up considerable 
water. Ether and alcohol may be mixed in any proportion, 
but the addition of excess of water displaces the ether. Ether 
is the great solvent for fats. 

Acetone, CHa.CO.CHs. ISmethyl-ketone. 

Acetone is the solvent for cellulose that has been nitrated so 
as to contain a high percentage of nitrogen, say 12.9% or above. 
At ordinary temperature and pressure cellulose so nitrated is 
not soluble in the ether-alcohol mixture, but is soluble in acetone. 
Acetone is found among the products resulting from the dis- 
tillation of wood. When wood is distilled, the condensed prod- 
ucte separate into two layers: the lower is wood-tar, and the 
upper is a mixture of water, methyl alcohol, acetic acid, and 
acetone. 

Acetone is a colorless liquid with characteristic, pleasant 
odor; specific gravity 0.81 ; boils at 56.3° C. 

It bums with a bright flame; it evapiorates readily, and its 
vapor is dangerous if mixed with air. It mixes with water, 
alcohol, and ether in all proportions. Adding KHO to its 
aqueous solution displaces it and it rises to the surface. It 
is a good solvent for reMna, camphors, fats, guncotton, and 
nitroglycerine. 
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Glycerine. Glyceryl Hydroxide. Propenyl Alcohol. 
C3H«CH0)s. 

Glycerine is a trihydric alcohol, having the Btructural 
formuU 

H 

I 



H— 0-C— H 
H— O-G-H 
H- 



H— 0— C— H 



It may be obtained from all fate and is the sweet prindple 
of them. Fats are sometimes called glycerides. 

Glycerine is also formed as a by-product in the alcoholic 
fermentation of grape-sugar, and is present in small quantities 
in beer and wine. It is a by-product also in the manufacture 
of soaps and candles, being separated in the mother-liquor when 
fats are saponified by lime or superheated steam. The crude 
glycerine resulting from these proceses is purified by distillation. 
A quantity of crude glycerine is placed in a copper still, and 
8t«am at 280° C. is forced through it. The pure glycerine is 
volatilized, passes over, and is condensed. 

Glycerine is a colorless sirupy liquid, itS: viscosity increas- 
ing as the temperature is lowered. Although it is a viscous 
liquid, it has the property of working its way by capillary action 
through the smallest openings or fissures. Its specific gravity 
is 1.269 at 12° C; it boDs at 290° C, but then undergoes partial 
decomposition; it is sli^tly volatile at 100° C., but not at 
ordinary temperatures. Glycerine crystals may be obtained 
from an aqueous solution kept for some time at 0" C. Pure 
glycerine solidifies at -40° C, forming a gummy mass. It 
ignites at 150° C. in ur, burning with a faint blue flame resem- 
bling that of alcohol. It absorbs water readily from the air. 
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It mixes with water and alcohol in all proportions. It is in- 
soluble in- ether, but is soluble in ether-alcohol mixtures. It 
is soluble in carbon disulphide, petroleum, benzine, chloroform. 
Glycerine is one of the most important solvents, dissolving 
most substances which are soluble in water, and some others, 
such as some metallic oxides, which are not. 

The best test of identifying glycerine is to mix it with KHSO4 
and heat it strongly, when the unpleasant odor of Euirolein 
(odor of smouldering candles) is noticed. 

Its importance in explosives results from the fact that it 
fopms nitroglycerine when acted upon by nitric acid. 



CeUulose, CgHioOs or n(C«HioOa). 

Cellulose is by far the most important substance used in 
the manufacture of the new explosives. It is the source from 
which guDcotton and most of the smokeless powders are 
derived. 

As already stated, the most recent practice classifies cellu- 
lose as a hexhydric alcohol, although its molecule has not the 
simple structure of the alcohol series. 

Captain Willoughby Walke, Artillery Corps, on page 205 of 
his Lectures on Explosives, gives the suggestion of Dr. John 
W. Mallet, the celebrated chemist of the University of Virginia, 
that only three atoms of hydrogen are grouped in ttie hydroxyl 
radical, the fourth hydrogen atom being united directly to the 
carbon atom, while the corresponding oxygen atom and the 
remaning free oxygen atom are linked together with the same 
carlxHi atoms after the manner of grouping of oxygen atoms 
inquinone, thus: 



4-0 
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if this be adopted, the cellulose molecule may be written 
as follows for the double molecule; 



H 



I I 

H— C-H— H-C-0 

1— 0-C-H H-C-0 

H— O— 0— H H— C— O— H 

H— 0-C-H H-C-0— H 

O— C— H H— C— O— H 

i-('!-H H-C-H. 

: I 



The formula for the single molecule CqHioOs may be arranged 
after the plan of the quinone group, thus: 



(HO) 



(HO)— C— H H— 0-0 



^-H-ii 



(HO)— C— H 
H 

\L 
c 



A cellulose ring may be written composed of any number of 
groups of this type of arrangement. It should be understood, 
however, that this arrangement of the cellulose molecule is 
theoretical and of value only in so far as it agrees with 
observed chemical facts. 

The group 6(C6Hio05) would be written structurally as 
follows: 
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CelluloBe ia the constitueDt of the cell'-walls of all pl&nts. 
When the soluble ingredients of all forms of vegetable life 
are removed, with mineral substances, cellulose remains as 
a white, opaque, organized structure. White filter-paper, 
cotton wool, and pure linen fibre are familiar examples of ' 
cellulose. 

It is infumble; insoluble in all ordinary solvents. It is dis- 
solved by "Schweitzer's Reagent " (a solution of cupric hydrox- 
ide in ammonia) ; it is precipitated from this solution by adding 
an acid. 

Cellulose subjected to best alone, as in destructive distilla- 
tion, breaks up into organic volatile compounds, especially into 
certain oi^nic acids, such as: 
O 
li 
Formic: H— O— C— H 

H 

II I 

Acetic: H— O— C— C— H 

I 

H 
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O H H 



Butyric; 



O H H H 

H— 0— C-C — C -C — H 



Strong sulphuric acid acts on dry cellulose, converting it 
into a gummy mass which dissolves in the cold in an excess of 
the acid witii very little color. 

Unsized paper immersed in a cold mixture of strong sul- 
phuric acid with one-half its volume of water converts the 
cellulose into a tenacious translucent substance called amyloid. 
A strong solution' of zinc chloride affects cellulose in the same 
way. This property is made use of in manufacturing vegetable 
parchment, shippii^-taga, cartridge paper, etc.; it increases the 
strength of paper about five times and makes it water proof. 

Cellulose ieft in a bath of sulphuric acid (specific gravity 
1.453) or in hydrochloric acid (specific gravity 1.16) for 12 
hours is converted into a brittle mass of hydrocellulose 
(Ci2HzoOio.H20) which is more easily oxidized than cellulose 
and is soluble in a hot solution of potasdum hydroxide. This is 
made use of in separating cotton from old fabrics (rags) of 
cotton and wool n^xed; the wool remaining is called Shoddy. 
Dry-rot in wood is supposed to be due to a similar change. 

The action of nitric acid on cellulose will be described later, 
in connection with the manufacture of guncotton and smokeless 
powders. 
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As a matter of practical military interest, explosives may 
be divided into tliree classes, namely; 

1. Prt^resfflve or propelling exptodves. (Low explosivea.) 

2. Detonating or disruptive explosives. (High exploaves.) 

3. Detonators or exploders. (Fulminates.) 

The first inetudes all classes of gimpowders used in fire- 
arms of all kinds; the second, explosives used in shell, 
torpedoes, and for demolitions of all kinds; the third, those 
explosives used to ori^nate explodve reactions' in the first 
two classes. 

Each of these classes is distinguished by the character 
of the explosive phenomenon it produces, and it may be 
said that, corresponding to these respective characteristics, 
explosive phenomena may be divided into three classes, 
namely: — 

1. Explodons proper: explosions of low order; progressive 
explosions; combustion. 

2- Detonations: explosions of la^ order. 

3. Fulminations: the characteristic type of explodon pro- 
duced by the f\Jlminates, possessing exceptional brusqueness. 

' An txplosivt rtaction is a chemical reaction UBualtj involring tbe change 
of state of a Bubatanoe from a solid or liquid to a gaa, attended with great 
increase of volume, or the combination cbemioally of two or more gaaea with 
■udden loaraMM of volume. 
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Explosion Proper. (Ezplo^oa of Low Order. ProgressiTe 

Explosion.) 
As the heading implies, this class of explosion is marked by 
more or less progression; the time element is involved as a 
controlling factor, the time required to complete the explo- 
sive reaction being lar^ compared .with that in the other 
forms of explosion. In this class of explotdon the time con- 
sumed in the reaction is to some extent under control by vary- 
ing the physical characteristics of the explosive. The explo- 
sion, indeed, is of the nature of an ordinary combustion. The 
mass is ignited at one point and the reaction proceeds pro- 
gressively over the exterior surfaces and then perpendicularly 
to these surfaces until the entire mass is consumed. 

The explosion of a charge of black, brown,' or smokeless 
powder is not different in principle from the burning of a piece 
of coal, wood, or other combustible; there is a progressive change 
of state from particle to particle, from the solid state to the 
gaseous state, accompanied by the heat due to the chemical 



The word "combustion" as used above has a definite meaning. 
It is the combination of the carbon and hydrogen of a combustible 
with oxygen. The calorific vahie of a combustible is the num- 
ber of units of beat involved in its combustion." This is inde- 
pendent of the time involved; it is the same whether the 
change takes place in a fraction of a second or is prolonged 
through years; a pound of wood will give the same number 
of units of heat whether it be burned as fine shavings or 
pass into the gaseous state through slow oxidation in the air. 
Calorific intensity is the maximum possible temperature of 
the products of combustion.^ It is determined by the time 

' Unit of beat ia the amount of heat required to raise a pound of water 
from 0= C. to l" C, or from 32° P. to 33° F. 

' It may be defined as the temperature to which the beat generated by 
^e burning of each portion of the fuel can raise its own producla of com- 
bustion when burned in its own volume without losa of heat due to conduc- 
tion or radiation. 



D,g,tza:Jb.GOOg[e 



GENERAL REMARKS ON EXPLOSll^ES. 



93 



of combustion. Its numerical value is determined by dividing 
the total number of unite of heat produced by the number 
of units of heat required to raise the products 1° C. at the tem- 
perature of these products. 

It may be represented in the form of an equation as follows: 

Let H = total number of units of heat produced; 

W, ] 

W, 



etc., J 



S", 
etc., 



=heat required to raise 1 unit of weight 1* C. at the 
temperature and pressure of the products = 
specific heats of products; 



T =calorific intensity. 



'^^WS + W'S' + W"S" + etc. 

The heat of combustion is due chiefly — 

1. To H burning to HaO. 

2. To C burning to CO, in limited supply of oxygen. 

3. To C burning to COa, in unlimited supply of oxygen. 
The calorific value of most substances may be estimated 

approximately from the molecular composition, by determining 
the number of atoms of C and H that are free to combine with O, 
In some combustibles, as in the carbohydrates, part of the O is 
present in association with H in the molecule in the proportion 
found in the water molecule (H^O) and no heat results from 
these atoms; indeed, on the contrary, heat is absorbed in the 
physical change of state of this water to vapor. Water held 
mechanically in the pores or intermolecular spaces of substances 
must be treated in the same way. It requires 537 units of heat 
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to convert one pound of water at 100° C. into one pound of steam 
at 100° C. This is the latent heat of evaporation or condensa^ 
tion. To evaporate 9 pounds of water (containing 1 pound of 
H) at 100° C. requires 537X9-4833 unite of heat. Eight 
pounds of combine with 1 pound of H to produce 9 pounds 
of water-vapor at 100° C, and, in doing so, produce 29,629 
umts of heat. This is the calorific value of hydrogen when the 
products are in the state of vapor. If this water-vapor be con- 
densed to liquid water at 100° C, the latent heat of condensa^ 
taon must be added to this, and the calori&c value of hydrogen 
when the product is in the form of liquid water at 100° C. is 
29,629 + 4833 "34,462 unite of heat. In the same manner H 
pounds of combining with 1 pound of C produces 2481 units of 
heat in burning to CO; H pounds of O combining with 1 pound 
of C produces 8080 units ot heat in burning to COa. 

If the weights and specific heats of the products of com- 
bustion are known, it is possible to compute the maximum 
possible temperature developed in an explosive reaction. 

The specific heats of gases which constitute the chief 
products of combustion in explomons vary with the tempera^ 
tore and pressure, and their values at high temperatures anjl 
pr^ures are not known accurately. 
^^Temperature and pressure are both dependent on the space 
in which the reaction takes place. In a restricted space, 
like the chamber of a gun, both the temperature and pressure 
rise very high, and as a result of the ii^h temperature the 
phenomenon of dissociation may occur; that is, the elements 
may separate by a physical process due to the weakening of the 
molecular bonds by the action of the high heat.' The effect 
of this "dissociation" is to reduce temperature. The motion 
of the projectile in the gun, enlarging the volume, will reduce 
pressure and tem[>eratiire. The result is, at a certain stage 
of the lowering of both temperature uid pressure, chemical 
combination again takes place and the heat due to this tends 

' Oxygen And hydrogen at atmospheric pressure separate at 2800° C. 
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to increase the pressure. The phenomenon of dissociation 
occurs in the first instants of explosions; the phenomenon of 
recombination in the later instants. 

Heat thus may be the cause of directly resolving a sub- 
stance into its component parts; if the body is reformed upon 
the lowering of the temperature, the phenomenon is dissociation; 
if not reformed, it is decomposition. 

When a body is disintegrated by heat in a confined space, 
some of the products being gaseous, the disintegration proceeds 
until the gas or vapor Uberated has attfuned a certiun pressure, 
greater or less according to the temperature. No further dis-. 
integration then takes place, nor will the separated elements 
combine so long as that particular temperature and pressure are 
maintuned. If the temperature be r^sed, disintegration will 
be resumed until some higher limiting pressure is produced; 
if the temperature be lowered, combination will take place 
until a certain lower pressure is attained; if the temperature 
remain constant and the pressure be increased, combination 
will take place; if lowered, disintegration. The amount of 
dissociation is definite in all cases for the same substance and 
the same condition of temperature and pressure. 

This action is not limited to compound substances, but is 
believed to take place with the molecules of the elements; 
that is, the molecules of multi-atom molecules may be disso- 
dated by heat into their separate atoms. 



Detooatioii. (^^losion of High Order.) 

The second class of explosion is of a different nature. The 
explosive reaction is not confined to the surfaces exposed, but 
appears to progress in all directions throughout the mass, 
radially, from the point of initial explosion; it appears to pass 
from the molecules at the initial point to those adjacent, and 
from these to the next adjacent, and so on, throughout the 
body, at a very rapid rate. Apparently the atomic bonds of 
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the initial molecules are disrupted by the molecular energy 
or blow at the initial point; this breaking up of the initiid 
molecules is transmitted by a wave-like action known as the 
eiplndve vxtve, extending throughout the body, the initial dis- 
ruptive energy being transmitted from molecule to molecule, 
and these, in succession, giving way, the nascent atoms thereof 
combiniDg according to the newly existing affinities which yield 
mostly gaseous substances. 

The effect is to transform the exploave in an almost inap- 
preciably brief time from the solid or liquid state to the gaseous 
state, the gases being greatly increased in volume and pressure 
by the heat of combination attending the reaction. It has 
been determined experimentally that the velocity of propaga- 
tion of the explosive wave throughout a mass of guncotton is 
from 17,000 to 21,000 feet per second. 

The calorific value and calorific intensity of disruptive 
explosives may be determined as explained for* progresave 
explosives, the combination between oxygen and carbon and 
hydrogen having the same heat value regardless of the form 
of explosion. 

The phenomena of dissociation and combination may take 
place in the products of this type of exploaon, also, giving rise 
to a more prolonged explosive blow than in the case of the explo- 
sion of fulminates. 

Fulminatioii. 

This class of explosion is still more brusque than the last. 
It is like the last in that the initial molecule is broken up by 
the crushing effect of the blow due to the exciting cause, and 
the molecular enei^ thus applied is transmitted by the disrup- 
tion of the first molecules to those adjacent, and these to the 
next, and so on throughout the mass. 

The characteristic feature of this form of explosion is the 
absence of dissodalion. The gases are evolved in such a simple 
form that there is little or no dissociation and the new affinities 
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do Qot invite chemical combination. The explosive blow is 
thus not prolonged by these phenomena, and is therefore relar 
tively much sharper than in the last class. 

The heat of the first phase of the explosion is also very 
^eat, tending in itself to increase the sharpness and energy of 
the blow on the initial molecules. 

A brusque exploave blow such as described is thought to 
have the effect of breaking up the molecular bonds of explo- 
ave molecules, and thereby initiating an explosive wave through- 
out the mass of the explosive. With progressive powders, it 
would be effective iu initiating the explosion, but there would not, 
in ordinary cases, be an explosive wave. It is this property of 
initiating detonation and explosion which gives rise to the use of 
the detonators or exploders. They are used in caps and primers 
of all kinds; the abruptness of their explosion, and the con- 
sequent sharpness of the blow and the concentration of heat 
on the point of ignition, constituting their efficiency as origi- 
nators of explosions of the &^t two classes. 

In all cases, explosions are attended by a sudden and large 
increase of volume of the substances which constitute the ex- 
plosive. Generally there is also evolution of heat; always so 
when due to chemical reaction in the first phase of the explosion, 
And recombination after dissociation in the later phase. 

An explosion due to physical causes alone, as when com- 
pressed air is released, causes cold; the firing of the pneumatic 
.gun produces so much cold as to cause the condensation of the 
water-vapor in the air of the chai^ as it leaves the muzzle of 
the gun. 
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Prc^resfflve explomvea may be considered under the two 
headings: 

1. Charcoal powders. 

2. Nitrocellulose powders, 

CHAKCOAl POWDERS. 
These may be divided into : 

1. Black charcoal powder, or black powder. 

2. Brown charcoal powder, or brown powder. 

Black Powder. 

In the manufacture of black powder, fully charred black 
charcoal is used. The wood is charred at about 130° C. 

Charcoal charred at Uiis temperature contains about 76' 
parts by weight of pure carbon, 4 parts of hydrogen, 19 parts- 
of oxygen, and 1 part of ash. 

The ingredients of black powder are, besides pulverized 
charcoal, pulverized sulphur and pulverized nitre. The pro- 
portion in which these ingredients are mixed is about as follows: 
75 parts by weight of nitre; 
15 " " " " chareoal; 
10 " " " " sulphur. 

Variations from these proportions occur in different coun~ 
tries, but the differences are in^gnihcant. 

98 
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The ingredients are purified as a preliminary step. They 
«ach are then pulverized by grinding. 

The charcoal is ground in a machine resembling a large cofFee- 
mill. It consists essentially of a vertical metal cone, having teeth 
placed spirally on its surface. This revolves within a vertical 
cylinder, having teeth projecting inwardly and furanged spiraUy, 
inclining in the opposite direction to that of the teeth on the cone. 
These teeth are susceptible of adjustment, so that the clearance 
between the two sets may be increased or decreased. By this 
means the degree of fineness of the ground charcoal is regulated. 

The sulphur and nitre are ground in a machine resembling 
a mortal-mill. It consists of a pair of circular edge-rollers, 
traveUing around a strong, (urcular cast-iron bed, revolving at 
the same time on their axes. The rollers are about 4 feet in 
diameter and weigh about 3000 pounds. They are placed 
at different distances from the centre of motion, so that each 
passes over the cast-iron bed on a separate path, one being just 
inside .of the other. The two rollers have a common horizontal 
shaft about which they turn. At a point on this horizontal 
shaft, nearer one roller than the other, is a vertical spindle, 
which is geared below to the driving-train of machinery, so as 
to give a motion to both rollers about this spindle. The nitre 
or sulphur is spread evenly over the bed, about 1 to 2 inches 
thick, and motion given to the rollers. They move over the 
material, and in a few minutes it ia reduced to a fine powder. 
A scraper follows behind each roller, and is so formed as to 
throw the material under the next following roller. 

After grinding the charcod, nitre, and sulphur, each is 
passed through a separate sijting-reel. This sifting-reel consists 
of a frame cylinder covered with wire cloth, 32 meshes to the 
inch. The ground materials pass through the interior of this 
reel, which revolves slowly. The fine particles suitable for 
powders pass through the meshes and fall into a bin. The 
coarser particles pass through the reel, are received in a barrel 
at the lower end, and are taken back to the grinding-mill for 
regrinding. 
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The sifted materiala are weighed out very carefully in 50- 
pound lota, in the relative proportions given above (75 parte of 
nitre, 15 parts of charcoal, and 10 parts of sulphur), and placed 
in bags. The contents of one bag constitute a charge for the 
mixing-'Tnachine. 

The mixing-machine consists of a copper drum mounted on 
a horizontal shaft. The drum has a capacity of about 150 lbs. 
of the mixed materials. It revolves at about 35 revolutions per 
minute. The shaft of the drum is hollow, and through this 
passes a second shaft, which carries a series of arma- or " flyers " 
on the interior of the drum. These arms are flat, with forked 
ends, and just clear the interior surface of the drum. They 
revolve in the opposite direction to the drum at about 70 
revolutions per minute. 

Three b^s of the ingredients are emptied into the drum, 
the machine set in motion, and the mixing is completed in five 
minutes. 

The mixed ingredients are allowed to fall through a chute 
into a tub, carefully examined to see that the mixii^ is regular, 
placed in bags, and tied very compactly. These bags are laid 
on their sides to prevent, in so far as possible, the tendency of 
the ingredients to separate in layers according to their specific 
gravities; when necessary to handle the bags, it should be done 
carefully and without jarring or shaking, for the same reason. 

The mixed ingredients are next taken to the iTicorporating 
mUl, to be put through the process of incorporation. This is the 
most important process in the manufacture of charcoal powder. 
Its object is to bring the ingredients into the closest possible 
contact, so that each particle of the resulting cake shall be 
composed of the three ingredients in proper proportion. 

The incorporating mill is of the edge-roller type, like the 
sulphur and nitre grinding-mills, except more massive; the 
rollers are about 6.5 feet in diameter, 15 mches wide, and weigh 
about 4 tons each. 

The mixed ingredients from the mixing-machine are spread 
evenly over the bed of the incorporating mill; it should not be 
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tiiicker than 0.5 inch nor less than 0.25 inch: if thicker than 
0.5 inch, the incorporation is defective; if leas than 0.25 inch 
thick, there is danger of explosion. 

After the charge has been spread over the bed, it is mois- 
tened with from 4 to 8 pints of distilled water, depending on 
the state of the atmosphere. Greatest care must be exercised 
by the attendant in regulating the water, as the nature of the 
product depends very much on uniformity in the amqunt of 
moisture present. 

It requires from 3 to 4 hours to incorporate a charge. The 
incorporated mass is called mUl-cake. It should have a uniform 
blackish-gray color, without any white or yellow specks. A 
small amount of it flashed on a plate should burn, smoothly, at 
the proper rate, and give little residue. 

The incorporated powder, in the form of soft miU-cake, is 
put into open tubs and placed in small magazines, where it is. 
exposed to the action of the air, so that all workings may either 
absorb or give oft water-vapor and come to about the same 
percentage of hygroscopic water present; 2 to 3 per cent of 
water in the mass is necessary to give good results in the 8ub~ 
sequent pressing. 

In so far as the chemical requirements for combustion are- 
concerned, the powder is now completed. The subsequent opera- 
tions have for their object the production of certun phyacal 
effects, depending upon the use to which the powder is to be 
put. In order that its rate of burning may be regulated, the 
s\2e and density and form of the gr^ns must be fixed. 

Before being ■pressed, the mill-cake is broken into lumps 
of uniform size, in a machine called the hreaking-down machine. 
This machine consists essentially of two pairs of grooved cylin- 
ders arranged one pair above the other. These cylinders are so 
placed on shafts, and are so geared, that they have motions 
downward between each pair. The clearance between the 
cylinders, and the dimenaons of the grooves, are adjusted to 
the nature of the cake, and, for safety purposes, the clearance 
may be automatically increased by the action of a sliding-bearing 
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of one of each set of cylinders, which allows this cylinder to 
move back in case the cake is fed to the rollers too rapidly, 
or a hard lump happens to pass through. The hopper of the 
breaking-down machine takes about 700 lbs. of mill-cake. It 
is open below, resting on a continuous canvas belt with eleate, 
which, as it moves, feeds the mill-cake to the top set of cylinders. 
After passing through these, the cake falls between the second 
aet of. cylinders and then into suitable box-cars or trucks. It 
requires about a half-hour to break down a charge of 700 pomids. 
The product of the breaking-down machine is called povxler- 
meal. It is stored again for several days, so as to equtdize the 
moisture, and is then ready for pressing. 

In order that the powder may be granulated, it is first 
pressed into solid compact cakes, called the press-ccJces. These 
are formed by hydraulic pressure, applied to powder-meal 
placed between gun-metal plates, in a large, strong, gun-metal 
box. The press-box is laid on its side, and the upper side- 
removed; the metal separating-plates are inserted; the meal 
is filled in between the plates, the space between plates being 
about I of an inch : the box is then placed under the head of an 
hydraulic ram and pressure applied. The plates are free to 
move under the applied pressure and compress the powder-meal 
to a hard, compact cake. 

Sometimes the press-plates are so made as to form certain 
regular shapes in the press-cake. The hexagonal and sphero- 
hexagonal powders, formerly used in the United States service, 
were so formed; the upper and lower surfaces of the press-cake 
were formed into regular hexagonal or spherical shapes, with a 
thin partition between the forms at the middle of the dividing 
section. 

The press-cake is broken up into grains by passing through 
the granulating-machine. This consists of a series of pairs of 
gun-metal oyhnders, with teeth of suitable size and suitably 
placed on the surfaces of the cylinders. The press-cake passes 
between these rollers, and is broken into grains of various sizes. 
There is a screen under each pair of rollers, to catch the broken 
press-cake and to conduct it to the next set of rollers; the size 
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of the mesh of these Bcreens is 8 meshes to the inch. Besides 
these conducting screens, there are three separating screens 
extending under all of the cylinders. The upper one has 8 
meshes to the inch; the second, 16 meshes; the third is copper- 
wire cloth. The powder collected on each ecreen is conducted 
to a separate tub. The powder collected on the top screen is 
reworked; that on the second screen is "cannon " powder; that 
on the third screen is rifle powder; that which passes through 
the third screen is powder dust. The sizes of the breaking-down 
teeth, and of the screen-meshes, are altered to suit the special 
requirements of any particular granulation that may be desired. 

The sharp corners of grains are worn off and the dust sepa- 
rated from any grade of grained powder by the dustin^^machine. 
This consists of horizontal cylindrical frames, covered with 
canvas, having 24 meshes to the inch. Several barrels of foul 
grain are put in the cylinders, and the latter set to revolving at 
about 40 revolutions per minute. In about half an hour the 
process is completed, the powder dust having passed through 
the meshes of the canvas. 

In some cases, with small-arm powders, the cylinder is ^ven 
a slight slope. 

At the end of the process, the powder is collected in barrels. 
Sometimes it is necessary to repeat the dusting once or twice 
before the powder ia sufficiently free of dust. 

Some powders are glazed. The grains are put into a hori- 
zontal, barrel-like receptacle, and revolved for 5 to 6 hours 
with a small quantity of pulverized graphite The object of 
this is, to make the powder less liable to form dust in storage 
and transportation, and to protect the grains to some extent 
from the effects of moisture in the fur. 

The final operation is to remove excess of moisture from the 
powder by drying. The powder is spread out over shallow . 
canvas-bottom frames, arranged in tiers, over a steam radiator, 
and is subjected to a temperature of 130° P. for 16 to 18 hours. 
After standing for 2 to 3 hours to allow it to cool, it is run 
through a dusting-reel and then packed. 

Usually black powder is packed in 100-pound packages. The 
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receptacles are, bs a ride, either wooden barrels or metal canis- 
ters. If wooden barrels are used, the wood is oak and the 
hoops are made of some wood, like cedar, not liable to become 
worm-eaten. Zinc-lined boxes have also been used. These 
boxes are often arranged to be hermetically sealed, or are pro- 
vided with gasket covers, to protect the powder in storage 
from the moisture of the air. 

Black gunpowder should be of even granulation, of good 
hardness and density, free from dust, A small quantity poured 
on the back of the hand should leave little or no trace of dust; 
when Sashed in 10-grwn samples on a copper plate, there should 
be no bead or excessive residue. It should give the proper 
initial velocity in the arm for which it was intended, and absorb 
little water from the air. 

Brown Powder. 
The foregoing description applies in its essential features 
to the manufacture of all mixtures of nitre, charcoal, and sul- 
phur. In hrovm powder, the charcoal b made from rye-straw 
and is under-charred. The proportions of the ingredients vary 
some from those given for black powder, the proportions for 
brown powder being, approximately : 

Nitre 80 parts 

Charcoal 16 " 

Sulphur 3 " 

Moisture.. . .- 1 part 

100 
This mixture is slower burning than black powder. Its 
introduction marked the last phase of a long line of investiga- 
tion, begun in the early sixties in the United States by the late 
General T. J. Rodman, Ordnance Department, U. S. Army. 
Some reference may well be made here to that series of experi- 
ments which, initiated by Rodman, were taken up and extended 
by many others, both in the United States and in Europe, 
especially aa the principles established thereby still survive and 
apply to the new powders. 
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Rodman sought to increase the powers and endurance of 
large guns by controlling the combustion of powders used in 
them. He conceived the idea that there were certain definite 
relations among the elements, size, form, and density, that 
would give a best powder for a given gun, that is, a powder 
which would give the highest velocity for a given pressure; or, 
stated in other words, a specuU powder could be determined for 
each piece of ordnance, and the idea came to be known as the 
principle of special powders. In carrying out this idea, he experi- 
mented with powder having much larger grains than had been 
used prior to his time, and with powders of varying density and 
forms, including those subsequently known as "mammoth," 
"pebble," lenticular, perforated prismatic, and perforated cylin- 
drical cake-powders. 

The Civil War put a stop to Rodman's experiments, and, 
after the war, although -he desired to continue them, he was, 
for some reason difficult to appreciate, ordered to a post of 
duty where it was impossible to give any attention to the matter. 

Knowledge of his work had, however, become known abroad, 
and the line of investigation was taken up there, resulting, 
after a time, in the adoption of the perforated prism as the 
standard form of grain for large guns. 

The fundamental idea involved in this development may be 
emd to be, to so control the combustion of a charge of powder 
in a given gun that there shall be a certain uniformly progres- 
sive evolution of gas, so that the projectile will be started from 
rest under a mininmm pressure, with the quantity of gas evolved 
in consecutive instants of time', gradually increasing until the 
projectile reaches a certain point in the bore of the gun. 
The pressure in the gun increases to a maximum soon after 
the projectile is started, and then falls regularly: the velocity 
increases to a maximum at a point just beyond the muzzle. 

The first step was to gain slow combustion through increas- 
ing the density and enlarging the size of the grain; the result 
of this was evidenced in the old "mammoth " powder that was 
used in the 16-inch smooth-bore Rodman guns. 
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The next was, while holding to the above principles, to 
control the rate of evolution of gas in burning agrain of 
powder by perforating it, and to have thereby a certain por- 
tion (from the interior outward) of the grain bum on increasing 
surfaces, giving for tkis portion increasing quantities of gas in 
succeeding intervals of time. 

This same effect was later obtuned in another way by the 
so-called Fossano Powder, made in Italy. The powder-grain 
was in itself a conglomerate of smaller grains bound together 
by a suitable powder matrix, the whole being compacted into 
large grains by pressure. As the large grain burned, it was 
broken up, exposing the surfaces of the smaller grains, and in 
this way offering successively increa^ng surfaces for ignition 
and burning, and, consequently, increasing quantities of gas. 

The next was, to establish uniformity in time of burning of 
each grain by moulding the grains, as in the hexagonal and 
sphero-hexagooal powders, and, in connection with the pressure 
applied infonning these moulded powders, to produce a higher 
density of grain on the surface than in the interior of each 
grain, illustrating the principle of varying density of grain. 

The perforated prism gave, however, the best results, and 
the right hexagonal prism came in time to be the standard 
form of grain for large guns the world over. Variation existed 
in the number of perforations, some prisms having but one 
perforation, others seven, one opposite each angle and one in the 
centre. The last-named is thought to be the arrangement gen- 
erally adopted. That portion of a prismatic grain between the 
perforations is called the we& of the grain; its thickness is the 
determining factor in the time of combustion. 

In determining the "special powder" required for a given 
gun, the density and granulation (number of grains to the 
pound) of hexagonal and sphero-hexagonal are the data to be 
fixed by computation or experiment; if prismatic powder is 
to be used, the dimension of the prism and the number and 
dze of the perforations must be determined. 

As the ability of the powder-manufacturers to make slow- 
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burning powders developed, the maximum pressures in the 
rear portion of the bores of guns fell, but the pressures in front 
of the trunoions was increased. At the same time, the gun- 
makers were able to increase the strength of the built-up gun, 
so as to make it possible for the gun to bear slightly higher 
pressure: The improvement in gun-making also made it pos- 
sible to increase the lengths of bores; this, in turn, made it pos- 
sible to bum more powder in the guns and thereby increase 
velocity. To receive these larger charges, and also to further 
control the powder-pressure over the charge, enlarged powder 
cAamtera were introduced. By properly adjusting the relations 
the volume of the powder chamber, the weight of charge and 
of the length of the bore, the pressure corresponding to a given 
velocity could be kept within the limit of the gun's elastic 
strength. 

Prismatic charcoal powder is made from ordinary granulated 
powder. Usually the lai^r size grain is taken as the base. 
This is reworked, moistened with about 10 per cent of water, 
and formed into the prisms by passing it through the "spindle- 
press." This press consists essentially of two seta of powerful 
stamps operating reciprocally through openings in a heavy 
mould-plate. The mould-plate has a series of hexagonal moulds 
in it, and is placed so as to be horizontal in the press. 

The bottoms of these moulds are formed by the ends of the 
lower series of stamps; these have each a number of needles, 
usually seven, projecting upward through perforations in the 
stamps; the upper series of stamps has also ^milar perforations. 
In forming the grains, the upper stamps are raised, the lower 
ones are lowered to their lowest point, forming the bottoms of 
the moulds. The powder-base is placed in a hopper, the bottom 
of which has a sliding charging-plaie, which contains a series of 
measures corresponding to the moulds of the mould-plate. The 
char^i^-plate, with its measures filled with powder-base, slides 
over the mould-plate until the measures are directly over the 
moulds into which the powder-base drops. The charging-plate 
then at once slides back into the hopper, where the measures 
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are automatically refilled. The press is then put in operation. 
The upper stamps descend into the moulds, the needles passing 
up into their perforations and forming the perforation of the 
prisms. By the reciprocating action of the press, when the 
upper stamps have reached their lowest point and begin to 
ascend, the lower stamps follow them up until the ends of the 
lower stamps are flush with the top of the mould-plate and 
upper ends of the perforating needles; when this position is 
reached, the lower stamps stop, the upper ones continue upward, 
leaving the prismatic grains free to be pushed off by the et^ 
of the charging-plate. 

The following data pertain to some of the "s pecial " blac k, 
powders of the United States old-type ordnance: ' 
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The gaseous products of explosion of brown powder undergo 
dissociation in the first instants of combustion in the bore of 
the gun, and recombination takes place as the projectile moves 
along the bore. The first tends to lower the initial pressure in 
the powder chamber, and the latter to increase the pressure 
along the bore. The two combined tend to reduce the maxi- 
■ mum pressure, and to raise the minimum pressure and to dis- 
tribute the stresses due to explosion more uniformly and with 
less rapid change along the bore. The more gradual applica- 
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tion of the force and the lower maximum presaure tends to 
increaae the endurance of the gun. 

mTROCELLULOSE FOWDESS. 

Nitrocellulose may be considered as the base of all fonns of 
smokeless powders. 

The nitrocellulose molecule conUdns within itself the ele- 
ments carbon, hydrogen, and oxygen, so that, when conditions 
favorable to a disruption of existing molecular bonds and to a 
recombination of these elements are produced, the reactions of 
combustion take place, producing the gaseous oxides of carbon 
and water- vapor. In the case of charcoal powders, these elements 
were brought by medumical process into such intimate relations 
that each particle of black or brown powder should contain the 
elements necessary for combustion. The two classes of explo- 
sives have, therefore, a fundamental difference in this respect. 
In oitrocelluloae, the elements to produce combination are 
present in the molecule in accordance with the law of fixed 
proportions, in great purity and in cl(»er relations than is pos- 
^ble with a mechanical mixture, like charcoal powder. 

It will be remembered that the structural formula of cellu- 
lose was written (p. 82) to show its analogy to the alcohols, 
thus: 



I I 

H-C— H H-C-0 

H— O— C— H H-C-O 

H— 0^-C— H H— C-0— H 



H-O-C-H - - 
0-C-B 



H— O-C— H H-C-O-H 
-H H-C-O— H 
-H H— 0-H, 



(C«HioOg)3. 



D,B,i..ab,Google 



no NOTES ON MIUTMRY EXPLOSIt'ES. 

It will be recalled, also, that ethers may be considered to 
be formed from the alcohols by substituting a suitable hydro- 
carbon radical for the hydrogen of the hydroxyl radical of 
alcohol (p. 81). 

Thus, ethyl ether is derived from ethyl alcohol by substitut- 
ing the ethyl radical for the hydrogen of the hydroxyl of the 
alcohol : 

H H 

1 I 

H— C— H H— C— H 

H— O— C— H (CaHs)-©— C— h' 

EthH aloohol ((^iCHO}] Ethyl Mbar KC^ilfii 

In the same way nitric ether may be produced from alcohol 
by the action of nitric add on alcohol, the radical nitryl, K02> 
displacing the hydroxyl hydrogen atom and pving: 



H 
H— C— H 
(NOa)— 0-C-H 



i 



Nitiia etiwr (C|Hi.O.NOd 

In like manner the hydrogen of the hydroxyl radicals of the 
cellulose molecule may be displaced by NO2 by the action of 
nitric add, giving substances which in molecular structure 
resemble nitric ethers. There are three hydroxyl groups in 
the cellulose molecule that are susceptible of this substitution; 
there may, therefore, be three separate displacements, as follows, 
using the double grouping: 
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H— C— H H-C-0 

I 
(NOa)— 0-C-H 

H— O— C— H H— C— O— H Mononitrooellulose 



" - H-C-O-H 



0— C— H - - 



H-C-O-(N0j) 




1 
H— C— H H— C— O 

.— O-C— H— H— C— 



(NO,)- 

(NOs)— O— C— H H— (i-0— H DtaltrooellnloM 

H— O— 0-H H-C— 0— (NOj) 

0-C— H - - 



-H H-C-0— (NOa) 

0-0— H H— 0-H 

I I 



H-C-H H— C— 

(NOi)— O— C— H H— C— 

I I 

(NOa)— O— C— H H— 0—0— (NOa) TrinltrocelluIoBe 

(N0a)-O-C-H H-0-0— (NOa) 
I I 

O-C— H H-C— O— (NOa) 

i I I 

0-C-H H-C-H 

I I 
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On account of this and other chemical analogies nitrocellu- 
lose is generally classed as a compound nitric ether of the tri- 
hydric alcohol, cellulose. 

The nitryl radicals which are transferred when cellulose 
is acted on by nitric acid introduce weak molecular bonds, 
which give way under the action of heat and permit 
the elements to combine with great energy, according to 
their relative affinities for each other, and it is this feature 
particularly, which constitutes nitrocellulose an explosive. 
The result of the breaking-up of the trinitrocellulose mole- 
cule in explofflon may be represented by the following 
reaction: 

[C6H7.02.03(N03)3]a exploded = THjO + 9C0 + 3C0a + SNa. 



The nitration of Cellulose. 

For military exploaves, the cellulose used for nitration is, 
as a rule, the waste from cotton-spinning factories, cotton-clotii 
factories, or other forms of pure cotton fibre. 

Within the past few years much attention has been given 
to the subject of nitration of cellulose by several eminent inves- 
tigators and scientists, including Vieille, Bruley, Lunge, Will, 
and others.' 

In 1878 D». J. M. Eder arrived at the conclusion, as a result 
of a series of experiments, that there were as many as six degrees 
of nitration of cellulose, three of which he was able to produce 
and isolate, namely, the hexa-, petUa-, and di-; two, the tetror- 
and tri-, he obtMned in admixture with others; the jnono- he 
was unable to prepare. 

Eder assumed the double tjTx; of molecule, corresponding 
to Ci2, and wrote the formulas as follows: 



' " Nitration of Cotton," by M. Bniley. " Researobes upon the Nitration 
of Cotton," by M. Vieille, " Investigations aa to the Stability of Nitrocellu- 
loae," by Dr. W. Will. G. Lunge's experiments in nitrating cellulose. 
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Mono-nitrocellulose CiaHiBOo{NOa) 



Di- 

Tri- 

Tetra- 

Penta- 

Hexa- 



CiaH,808(NOa)3 

, C,2Hi707(N03)8 
Ci2Hi606(N03)4 

CiaHiBOsCNOa), 

C,3Hu04(N03)6 



Vieille, as a result of extended research made In 1883, arrived 
at the conclusion that, in order to account for the amount of 
NO2 given by the producto of his experiments, the formula 
CeHioOfi must be quadrupled, and the molecular formula of 
cellulose written Cs4H4oO:o; giving rise to eight varieties of 
nitrocellidose, as follows : 

Cellulose tetra-nitrate Ca«HaflOao(NOa)4 



pentsr ' 

hexa- * 

heptar ' 

octo- ' 

ennear ' 

deca- . ' 

endeca^ ' 



C24H3bO20(NO2)« 
C«H3402o(NO2)fl 
C24H„0m{N0s)7 
C84H3a02o{N02)8 
. Cz4H3iO»(N02)» 
C24H8(,O80{NO2),0 

CMH3«02o(N02)n 



Of these the deca- and endeca- varieties were found to be 
insoluble in ether-alcohol; the enneo- and odo- were soluble 
and capable of being colloided ; the lower nitrations gave friable 
products insoluble in ether-alcobol. 

In Vieille's researches the present military smokeless powder 
may be said to have had ite origin. Soon after bis deductions 
were announced, the manufacture of smokeless powder in 
France was begun. The French powder was kept a secret for 
some time. The success of the French inaugurated activity 
throughout Europe, and, before long, the nitrocellulose base 
came to be the essential ingredient of aU smokeless powders. 

In Rusds the development of a smokeless powder was 
intrusted to the celebrated chemist, Professor D. Mendel^ef. 
His investigations resulted in the chum that he had been able 
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to produce a definite nitrocellulose having the formula 
C3oH380m{N'02)i2, which he called "pyrocollodion," which 
colloided perfectly in ether-alcohol, and in combustion gave the 
maximum volume gas possible from the elementa represented 
in the molecule, since the content of oxygen, as given in the for- 
mula, is just sufficient to bum all of the C to CO, after burning 
the H to H2O; the explosive reaction being as follows: 

C8oH8803B(N02)ia exploded - 30CO + 19HaO +6N3. 

Mendel^ef's claim that his pyrocollodion is a definite com- 
pound is disputed. It is claimed by others that the substance 
is, rather, a mixture of nitrates of different degrees of nitra- 
tion, such, for example, as the following: 

2[CflH7O6(N02)3] = Ci3HMOin(NO2)fl 
3[C6H8Oe(N02)2] = C,8H«0i6(NO2)« 



CaoH380M(NOa),! 

Pyrocollodion, according to Mendel6ef, results from the 
following reaction : 

5C6HioOB + 12HN03-C3oH38CN02)i2025 + 12HaO. 

Perhaps the most complete series of experiments made in 
connection with the nitration of cellulose are those made by 
the French Government chemist, M, Bniley, published in the 
Memorial des Poudres et Salpitres, vol. viii, 1895-96, ia a paper 
entitled "Sur la Fabrication dee Colons Nitres," an English 
translation of which is to be found in Bemadou's "Smokeless 
Powder, Nitrocellulose, and Theory of the Cellulose Molecule." 

M. Bniley points out that of recent years the various grades 
of nitrocellulose have given rise to many varied uses, such as 
photographic films, celluloid, mercerized cotton, in the mechani- 
cal arts; and guncotton and smokeless powder in military 
explosives. Each of these requires a special variety of nitro- 
cellulose, and it becomes important, if posable, to fix the con- 
ditions which regulate the nature of the product. 
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For many years military guncotton had been manufactured 
from the standard mixture of acids, three parte of sulphuric 
acid by weight (65.5° Baum6) and one part by weight of nitric 
acid (48° Baum4). But, as a result, chiefly of Vieille's investi- 
gations, his classification of the oitrocellulosea and the manu- 
facture of smokeless powders based on his deductions, it became 
desirable to determine some practical rules and guides for the 
manufacture of the new nitrocelluloses of lower nitration. 

In the ordinary manufacture of nitrocellulose, the product 
is apt to contfun a mixtiu^ of the three classes of nitrocellu- 
loses, guncottons (endeca- and deca-nitrates) , collodions (ennea-, 
octo-, and hepta-nitrates), and friable cottons (penta- and 
tetrar-nitrates) . The first of these is insoluble in ether-alcohol, 
the second is soluble in that mixture, the third not soluble. 

The experiments of M, Bruley had for their object, there- 
fore, the determination of some practical method of obtaining 
-a certain desired product in the nitration of cellulose. 

His experiments may be well explMned by reference to the 
'accompanying figure. 

For the purpose of graphically representing the conditions of 
the experiments let represent the ori^ of a set of axes, OX and 
■OF. Let OX represent the axis of the 
proportion by weight of water used in 
the mixture, and OY the axis of the 
proportion by weight of nitric acid 
used. Let OX' = OY' represent the 
fixed quantity of sulphuric acid used. 
Let OX" represent a certain quantity 
of water used in a particular experi- 
ment, and OY" represent a certan 

quantity of nitric acid used in the same experiment. Express OX" 
as a percentage of OX' and OY" as a percentage of OY'; that is 
if OX' and OY' = 100% weight (the fixed wei^t of the sulphuric 

OX" 
acid) , TjyT' carried out to hundredths in decimal form, will rep- 

Tesent the percentage quantity by weight of water used in terms 



v" .. o 
. I" he* 
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OY" 
of the fixed quantity of sulphuric acid used, and, similarly, pr=^ 

will represent the percentage quantity by weight of nitric acid used 
in terma of the fixed quantity of sulphuric acid. The line X"Y"' 
represents the locus of all products, corresponding to the ratio 

TyyT between water and sulphuric acid. 

The line Y"X"' similarly represents the locus of all nitric- 

OY" 
acid mixtures, corresponding to the ratio ^^yr between nitric 

acid and sulphuric acid. The point P corresponds to a definite 
mixture of OX" parts of water, OY" parts of nitric acid, and 
OX'^OY' parts ot sulphuric acid. The area OY'QX' includes 
within it all possible combinations of mixtures of water and 
nitric acid with sulphuric acid, when the quantities of water 
and nitric acid do not, either of them, exceed the quantity of 
sulphuric acid used. 

M. Bruley assumed twenty-five points uniformly distributed 
throughout this area, prepared the mixtures to correspond 
thereto, immerspd the cellulose in these mixtures, and steeped 
them for 6, 12, and 24 hours, thus producing three series of 
nitrations. He subsequently determined, by chemical analysis- 
and physical experiment, the following data: 

1. The nitrogen content, expressed in c.c. of NO3, 

2. The solubility in ether-alcohol. 

3. The viscosity in ether-alcohol. 

The temperature of the immersions was 12* to 13" C, 

The water normally present in both nitric and sulphuric 
acid was determined carefully, and considered as a part of the 
water ingredient of the acid mixtures. These determinations 
were 5 to 6 per cent in the sulphuric acid, and 10 to 15 per cent 
in the nitric acid. 

The fixed weight of sulphuric acid taken was 1.2 kilos. 

A separate mixture was made for each of the twenty-five 
points, corresponding to a range of nitric acid of 10 to 60 
per cent; and of water, 10 to 45 per cent. The » inferior 
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limit for nitric acid being fixed by the time required for 
nitration, and the superior limit by that cost of the acid 
beyond which it would not pay to go in manufacturing nitro- 
cellulose for the trade; the lower limit of water was fixed by 
the quantity of water always present in the strongest acid, the 
higher limit by the limit of colloidable nitrocellulose. 

When the quantity of nitric acid fell below 15 per cent, the 
time required to nitrate completely was so prolonged that it would 
not be practicable, coraniercially, to use so low a percentage. 

The samples consisted of 4 grams of bleached spun-cotton 
waste, and were immersed in 400 grams of mixed acids. 

The table on page 118 gives the results of the e-xperiments. 

Bruley divided the products into: (1) guncotton, (2) col- 
loids, and (3) friable cottons. 

In general terms it may be said that the guncottons resulted 
from mixtures within the following ranges of percentages, by 
weight of nitric acid and water, the weight of sulphuric acid 
being 100 per cent; 

For nitric acid, 55 per cent; water, 12 to 24 per cent. 
" " " 15 " " " 8" 16 " " 

In the same way the limite of mixtures for the most perfect 
colloids having, say, a solubility above 90 per cent, were : 

For nitric acid, 56 per cent; water, 27 to 35 per cent. 
" " «< 15 " " " 18" 26 " " 

A fairly high degree of solubility extended beyond these 
wat*r percentages to about 40 per cent of water for 55 per cent 
of nitric acid, and about 27 per cent of water for 15 per cent of 
nitric acid. 

Beyond these latter water limits the products were friable 
cottons. 

The guncottons correspond to nitrocellulose, having a nitro- 
gen content above about 12.9 per cent; the higher colloids, a 
nitrogen content less than about 12.9 per cent and more than 
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iabout 12 per cent; the inferior colloids, a nitrogen content of 
from just below 12 per cent to just above 10 per cent. 
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For a fixed per cent of nitric acid in a series of mixtures 
in which the per cent of water only varies, the nitrogen content 
changes slowly in passing beyond the guncotton zone as the 
water percentage increases, while, at the same time, the solu- 
bility chai^;e8 very rapidly. A nitrogen content of about 12.5 
per cent is soon reached, having a solubility of about 95 per 



idbvGoOgle 



120 NOTES ON MILITARY EXPLOSIVES. 

ceDt, and after this has been attained considerable variation may 
be made in the quantity of water with little change in either 
the nitrogen contents or in the solubility. When the increase 
of water for this same quantity of nitric acid causes the nitrogen 
content to fall to about 10.5 per cent, the solubility drops 
below 90. Beyond this an increase of water causes a gradual 
decrease in both nitrogen content and solubility to take place 
until the lowest recorded limit is reached; that is to say, a 
limit of nitrogen content of about 7.75 per cent and a solubility 
of about 1.5. 

While the relative proportion of the ii^redients of the acid 
mixture ia the chief factor influencing the result of nitration 
other causes have an effect, such as (1) duration of steeping, 
(2) temperature of dipping and steeping, (3) subsequent steps 
in purification. 

Cotton-wadding nitrates more readily than spun-cotton waste. 
Generally speaking, the more perfectly the fibres are separated 
and the waste freed from tangles and knots the quicker and 
better the nifration. 

In order to obtain the same degree of nitration, the steeping 
should be prolonged in proportion as HN03 is reduced in the 
acid mixture. The influence of duration on the NO2 content 
and solubiUty appears in the following table: 





Interior CoUoid. 


Superior Colloid. 




Duration 


I. 


II. 


lit. 


StoepiDC 


CoEWQt 


SolubiUty. 
peioant. 


NO, 


Solubility. 


NO, 


Solubility. 


Iht. 

2hra. 
4 " 
6 " 
8 " 
12 " 
24 '■ 


105.8 

166.8 
167.8 
167 8 
166.8 

iee's 


91.7 
95,5 
S3.0 
94.8 
95.4 


186.8 

189. 

191.8 

198. 
191.8 


94.9 
95 
96.2 
94,1 
96.7 


206.4 
209-4 
209.2 
210.2 
210.2 
210,8 
210,6 


10,9 
8,3 
6.8 
6.7 
5.6 
7.4 

10,6 



From which it is observed that with the colloids from 2 to 
6 hours are required, and with guncotton, 8 to 10 hours. If 
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the reaction be continued beyond 6 to S hours, the solubility 
for the same iritrogen content is materially increased. 

Increase of temperature, during dipping and steeping, up 
to 26° C, increases both the solubihty and NOa content of 
colloids, and has a tendency to the same for guncottons. 

When, therefore, it is desired to produce a definite nitro 
cellulose it is firet necessary to hx the composition of the acid 
mixture, following the principles set forth above, and testing 
the nitrogen content by the usual nitrometer method. 

While the degree of nitration may be regulated by the fore- 
going principles, the stabUiiy of the product depends chiefly 
on the process of purification. It is found that any nitro- 
cellulose after nitration contains certfun nitro-by-products 
which are more or less unstable, and these are hable to spon- 
taneous decomposition in storage; some of these nitro-productfi 
may disintegrate under comparatively low heat and often 
cause the condemnation of nitrocellulose which, except for their 
presence, is thoroughly trustworthy. Dr. W. Will, of the 
German Central Station for Scientific-Technical Investigation, 
New Babelsberg, near Berlin, has investigated this phase of the 
problem, and arrived at the conclusion that these nitro-by- 
products are produced in the nitration of cellulose, besides the 
nitrocellulose proper, and the nature of these by-producte is such 
that they are not wholly soluble in cold water, and, when cold 
water alone is used in the purification, they are not carried off. 
Boiling and subsequent washing in cold water removes them, 
due, perhaps, to the ffict that the boiling modifies the chemical 
nature of some of these products, rendering them soluble in cold 
water and, when the latter is applied after boiling, the ob- 
jectionable products are removed. 

Dr. Will claims that when boiling and cold washing are 
properly conducted, practically alt of such unstable by-products 
afc removed, and the resulting nitrocellulose proper, whatever 
its tlegree of nitration, is a safe compound and may be stored 
for years under nornial temperatures, without change. Nitro- 
cellulose so prepared is said by him to be in its "limit statr," 
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and such nitroceliulose, if subjected to a higher heat, ssy 135° 
C, as in the German heat-test, will evolve equal volumes of N 
in equal times; this Time-Nitrogen relation, when plotted, 
approximates closely to a right line for the limit state. 

Nomenclature of Nitrocelluloses. 
There are various products resulting from the nitration 
of cellulose to different degrees and under different conditions. 
These may be enumerated as follows, following the nomenclature 
^ven by Bemadou : 

Nitroeellidose. A general term applied to products reBultJng from the 
octJOQ of nitric add on cellulose, in which the organic cellular struc- 
ture of the original cotton fibre has not been destroyed. 

Nitrocellidose 0/ M^h nUraiuin.' Those in which the content of nitrogea 
ia lai^, say 12.9% or greater. 

Nitroceilvlose of mean mtratum.^ Those in which the content of nitrogen 
ia mean, say less than 12.9% and greater than about 11%. 

NitroeeUiiUise of low nitration.^ Those in which the content of mtrogen 
is less than about 1 1%. 

InsobMe nitroceUvloses. Those insoluble in ether-alcohol Baijcture * at 
ordinary tfimperature and pressure. 

Soluble nUrocellidosea, Those soluble in ether-alcohol mixture at ordi- 
nary temperature and pressure. 

HySroceUvloae. The product obtained by actjng on cellulose vith the 
fumes of HCl, or by immerong cellulose in HCl, H,SO„ or very 
dilute HNO,. It is a white, pulverulent mass which, examined 
under the microaeape, shows that the cellular tissue of the original 
cotton fibre has been modified. 

NitTokydroceUvioK. The product resulting by acting on bydrocellulose 
with HNO, (strong), the product still rettuning the modified cellular 
form of the bydrocellulose. 

iiitrohydrocdlviose of high nitratvm. Contuns relatively a high per 
cent of N. 

NiirokydroceUuiose of mean niiraiion. Contains relatively a mean per 
cent of N. 

Niirohydroc^idoae of low nitraUon. Contwna relatively a low per cent of N. 

Insoluble nitrohydrtxeUuloae. Those insoluble in ether-alcohol at ordi- 
nary temperature and pressure. 

' See Vieille's Classificalion of Nitrocelluloses (table), p. 123. 

* Id the proportion of 2 parts by volume of ether U) 1 part by volume of 
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SoluiAe nitrohydiroceUuloae. Those Boluble in ether-alcohol at ordiiuuy 
temperature and presaure. 

GuncoKon. Those nitroceUuloses of high Ditration used for diBnipttTe 
purposes ia war. They conast, as a rule, of a mixture of insoluble 
nitrocellulose with a small quantity of soluble nitrocellulose and a 
very small quantity of unnitrated cellulose. 

Pyrocelivlote. A soluble nitrocellulose of so called definite percent^e of 
N(12.4), correBponding to the molecular formula, C„HB(NO,)„0:t, 
claimed to have been produced by Mendel£ef; it possesses just 
sufficient content of O to burn all of the C to CO, the H to H,0. ■ 

CoUoid, or collodion tiitroceUvloae. Nitrocelluloae that may be coUoided 
in ether-alcohol. 



VIGILLES CLASSIFICATION OF NiTROCELLULOSES. 
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214 
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13.47 


Insoluble in 
ether -aico- Gun- 
hoi. Soluble cotton. 










in acetone. 



According to Guttraann Vieille's formulaa are 
Guttman himself claims to have made euncotton on s 
13.65 per ovktoifnjtragen, which, according to Vieille, 



not beyond question. 
. large scale, containing 
would be impotable. 
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ColloidiEatioii. 
After celluloae has, been dipped in nitric acid ("nitrated ") 
and "purified " of the free acid and nitro-by-producta by boil- 
ing and washiDg in water, it possesses a property it did not 
have before, namely, it ia soluble in certain liquids in which it 
vas not soluble as cellulose. The two most important of these 
liquids are acetone and a mixture of ether and alcohol, in the 
proportion by volume of 2 to 1. 

If an excess of the liquid be used a true solution is formed, 
and if the hquid be evaporated off, the nitrocellulose will remain 
as a horn-like compact mass, called " colloid," in which all 
evidences of cellular structure has disappeared. If the quantity 
of solvent be reduced sufficiently, the solid nitrocellulose will 
soften and take the form of a paste-Uke mass, one of the states 
gassed through from the true solution to the compact, hom-like 
soUd in evaporating the solvent. 

This process of dissolving nitrocellulose and producing the 
colloid form of it is called colloidization. 

In connection with nitro-explosives there are two important 
series of colloids: one, the acetone series; the other, the ether- 
alcohol series. 

Acetone dissolves the nitrocelluloses of highest nitration, 
and gives colloids which are characterized by brittleness. Under 
pressure or shock they break up. This' fact renders such col- 
loids dangerous when used alone for powder; the shocks due 
to handling and the pressure in the bore of a gun would cause 
grains to be disintegrated, the rate of combustion to be enor- 
mously increased, and excesave pressures. 

The ether-alcohol colloids, on the other hand, are tough and 
elastic. It is from this class of colloids that most smokeless 
powders now in use are made. 

The several physical states of the two series of colloids, as a re- 
sul t of evaporation from tlie solution, may be described as follows : 
Acetone series: Liquid, slime, plastic mass, brittle colloid, 
Ethei^aJcohol series: Liquid, jelly, elastic mass, tough colloid. 
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Manufacture of Smokeless Powder. 

While there are minor differences in tbe manufacture of 
smokeless powder as conducted at the different factoiies, the 
eesential steps are the same, and are performed in practically 
the same manner. The following description of the commercial 
method of manufacture ^ves these steps in sufficient detail. 

1. Clbanino. 

<a) Wtuhmff-houee. The Eia«e, in tbe form of cottoD-waste or cotton 
raga, is brought to the washing-house in large bales. 
These are brokea open and the waste put into the 

<&) The Wather. waeher. This consists of a large iron cylinder 
mounted on a horizontal axis, with pipes running 
through the centre, which carry steam for heating the 
charge. Tbe cylinder is filled with a solution of 
caustic soda and tbe cotton-waste is added to this. 
The washer revolves very slowly. Its motion keeps 

(c) Firaf Washing, the mass constantly agitated, and accomplishes the 

removal of oil and grease. A temperature of 120° 
to 130° F. is maintained during the washing, which 
lasto about 4 hours. 

(d) Centrifugal From tile washing-house the cotton is taken 

Wringer, to a centrifugal wringer, and wrung as dry as pos- 

sible. 

(e) Second Wiuhing. It is then returned to the washer and washed a 

second time in clear, pure water. 

(/) SecondWrinffing. It is then wrung out a second time in the centrif- 
ugal wringer. 

(jj) The Picker. After tbe second wringing it is taken to the picker. 

Tbe cleaned cotton-waste, or rags, is placed on the 
apron of tne machine, which conducts it between two 
horizontal toothed cylinders which revolve in op- 
porate directions, pulling in between them the rotton, 
tearing apart the Icnots and tangled lumps ai waste, 
or the cotton rags, into shredded strips, about 1 inch 
to li inches long, and about i inch wide. After 
passing through the picker it is coUected in boxes 
and taken to the drytJig-house. 
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2. Drytho. 



Drying-hmtae. This house hae large wooden bine with perforated 

bottoms. Hot air circulates uDder the bottome, and 
is forced up through the bins and through the 
deaned, dHed, and picked cotton placed therein. 
The temperature of the wr is from 90° to 105° F. 
The cotton is turned over by liand from time to time. 
It is kept in the bins about 8 hours. It then con- 
tains about 0.5% of water. As soon as the cotton 
is thus dried it is placed in air-tight cans. This is 
necessary, as it absorbs from 11% to 2% of water by 
mere exposure to the air. It is then taken to the 
nitrating-kouae. 

3, NlTRATINa, 

(a) NitraHng-house. The cotton, as now prepared, is nitrated in earthen 
pota conttuning the acid mixture, or by placing it in 
a centrifugal machine, so arranged as to allow the 
acid mixture to be admitted and the spent acids to 
be withdrawn through suitable pipes with stop-cocks. 
In case the nitration takes place in a ceutrifugal 
machine it is conducted as follows: One can of dried 
cotton, containing about 16 pounds, is placed at one 
time in the machine with about 900 pounds of mixed 

(6) The Acidt. adds, con^sting of 3 parts sulphuric acid and 1 part 

nitric acid, both very strong, 98% Mid 95% respec- 
tively. The mixed acids are drawn from a large 
tank, called tbe mixed-acid tank. The spent acids, 
after "revivifying" by additions of "fortifying" 
acids of concentrated strength, are let into the 
mixed-acid tank. 

(c) Nitration. The charge is kept in the centrifugal machine 

about 30 minutes. In becoming nitrated the cotton 
increases in weight atiout ooe-half ; the 16 pounds of 
cellulose giving about 24 pounds of nitrocellulose. 
The d^ree of nitration is about 12.6% of N. During 
the 30 minutes the charge Is turned over and over 
by iron hooks. 

(d) Drawing off After 30 minutes the drain-cocks of the machine 

Spent Add. are opened, Ihs machine is started, and the spent 
acids are forced out by centrifugal action. 
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4. Pdwfication, 
The reminder of the proceee has for its object 
getting rid of the free acide remtuiuDg in the nitrated 
cotton and of the nitro-by-products. 

(a) DrowTong. The nitrated cotton is taken at once from the 

nitrating machine, and immerBed or drovned in a 
large quantity of pure cold water. It is kept im- 
mersed in thiB water for 8 hours, two changes of 
water being made. 

(b) Fint Washing. From the drowning-tanks the cotton is taken to 

another centrifugal machine. The machine is started 
as soon as ttie charge is in it, and while it is revolv- 
ing cold water is played on it from a hose. After 
about ten minutes the washing is discontinued, and 
the machine then revolved at its highest capacity 
and the cotton wrung as dry as possible. 

About lOOO pounds are allowed to accumulate 
from the foregoing operations, and this constitutes 
afactory "lot." ' This lot receives a definite number 
which attaches to it throughout its existence. In 
connection with this number all subsequent purifi- 
cation operations, stability- and ballistic-testa are 
recorded. 

(e) Pvniymg-tanka. These are large wooden tanka, having steam- 
pipes arranged over the bottom. Steam circulates 
through these pipes and keeps the cotton and water 
at the desired temperature. Pure water is put in 

(cO Firit Purifica- the tanks and one lot added. The lot is kept in 
turn. the purifying-tank for two days, the temperature 

being mtunKuned at 80° C, except that the water 
is renewed three times during this period, and at 
each renewal the temperature is rused to 100° C. 
for two hours. The mass is kept agitated by revolv- 
ing arms set at different angles. 

In some factories the purification consists of 
dtemate two-hour washings at 80° and 100° C, 
with renewal of water each time to include five 
renewals. 

(e) Second Washing. From the purifying-tanks the nitrated cotton is 
taken to a centrifugal machine, where it is washed 



'The si 



i of the "lot" of different factories variea 
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with pure cold nat«r from a hoae for a few minutes. 
It then goes to the pulper. 

</) Putper. ThiB is the ordinary pulpiDg^nachine used in 

p^)er-nulls. It conuets of an oval-ahaped vat 
or tank, with a horizontal shaft acroSB ita nar- 
lowest dimeoeion. On one end of this shaft ia a 
drum, which has on its outer surface a series of 
parallel knife-edges. Directly below the drum is a 
concentric surface, with a second series of knife- 
edges. The clearance between these edges can be 
Isolated. Pure water drculates slowly through the 
vat, running in at one point and overflowing at 
another. About 1000 pounds of cotton from the 
purifying-tank is placed at one time in the pulper. 
Tlie contents of the vat are submitted to an acid 
oc^r-test from time to tjme, and sufGcient sodium 
carbonate is added to neutrallEe any free acid that 
may be liberated as the pulping proceeds. The 
drum revolving pulls the cotton down and forces 
it between the two series of knife-edges, cutting it 
finer and finer until the whole mass is a smooth, 
even, fine pulp, about the consistency of co'm meal; 
this requires about six hours. From the pulper the 
cotton goes to the poacher. 

(g) Poacher. This is a vat «milar to the pulper in form, but 

it has no knife-edges. The horizontal shaft across 
its narrow part carries only wooden paddles. The 
(^ject of the machine is simply to continue the 
waslung, with a view to removing all free add or 
alkali. The contents are tested for both acid and 
alkali as the poaching proceeds. The operation is 
continued until the lot is shown to be free from acid 
and alkali. A chemical stability-test is now made. 
Further treatment depends on it« result. Another 
form of poacher consists of large, deep, cyUndrical 
vats, with a propeller-shaped wheel on a vertical 
axis near its bottom. Steam-pipes may be placed 
over the bottom, and the mass subjected to the 

(A) Second Pvrificor action of boiUng water and rewashing with cold 

tion. water, as in the purifying-vats. The propeller keeps 

' the mass circulating. The process should continue 

for three days, having twelve changes of water and 

two hours' boiUng with each change. 
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<i) Third and Final From the poacher, as just described, the cotton 
Waakivg. is dumped into a large volume of pure cold water, 

which is contuned in a large trough. Through the 
trough circulates an endless belt of coarse cotton 
cloth, which passes between two rollers at some 
distance outside of the trough. .\s the belt moves 
through the mass of suspended cotton a certain 
quantity adheres to it, and the belt carries this up 
through the rollers, which squeeze out the surplus 
water, and a scraper detaches the squeezed cotton 
from the belt and it falls into receptacles placed to 
receive it on the other side of the rollers. It is 

ij) now in the form of small thin Sakes. It contains 

about 4% of water. This is submitted to careful 
laboratory teats. 

5. COLLOIDIZATION. 

-<a) DAydraHng. This product is taken to the d^ydrating-prew. 

The water is extracted by means of alcohol; the 
latter displacing the water. The alcohol thus mixed 
with the cotton is sufficient to accomplish its col- 
loidizatioa when mixed with ether in the next 
operation. In extracting the water, 15 pounds of 
nitrocotton is placed in the cyhnder of the dehy- 
drating- press, and submitted to a pressure of 3000 
pounds per square inch, which forms it into a 
cylindrical "cheese." A large quantity of water 
is pressed out by this pressure, but some still 
remains. A quantity of alcohol is let into the 
press cylinder. Air is admitted over the alcohol, 
and a pressure of 100 pounds per square inch put 
on. This forces the alcohol throiigh the mass of 
the cheese, and the liquid flows out through a 
pipe below; first water comes, then a mixture of 
water and alcohol, and, finally, alcohol of full 
strength. A pressure of 3000 lbs. per square inch is 
agun put on the cheese, and this forces out surplus 
' alcohol. Enough remains for coUoiding. The 
cheese now weighs about 17 lbs., 15 lbs. of cotton 
and 2 lbs. of alcohol. 

(b) CoUoiding. From the dehydrat'ing-presaes the product is 

taken to the colloiding-machine. This consists of an 
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ordinary bread-dough kneading-machine, as used ia 
large bakeries. Three cheeses from the dehydrating- 
press are broken up and put into the kneader with 
about one-half the weight of ether. The kneader 
is started, and the mixing continues until all of 
the ether is absorbed, which, ad a rule, requires 
about two hours. When the coUoiding ia finished, 
the chaise from the mixing-machine is pressed 
into a cake by hydraulic pressure. This cake is 
a cyhnder about 9" X 14", The product should now 
be a smooth, compact colloid, with a clear amber 
or light brown color. Some few white spota eeen 
in the colloid cake are aJr-bubblee. To get rid of 
Uiese ajr-bubbles and to blend better the colloid, the 
cake is put through the macaToni ■press, 

6. Granclation. 

(a) Macaroni This is an hydraulic press, having email holes 

Press. in the bottom of its cylinder. The colloid is forced 

by the pressure through these small holea, and falls- 
in a receptacle below in macaroni-like strings. Tliese 
are collected and put into the final press, and 
pressed into the final pffwder-eake. 

(6) IHe-press, The powder-cake is put through the die-preas, 

from which it emerges in the form of a continuous- 
cord- or rope-like cylinder, of the diameter of the 
powder-grain being made, and with the requisite 
perforations. This result is accomplished by having. 
the end of the press a cone, and fitted into the 
apex of the cone is a die, with needles of proper 
aze for the perforations. The press is horizontal. 
The head forces the colloid to Gil the cone and sur- 
Tound the needles. Continued pressure forces the 
colloid out through the die; it ia received on rollers, 
carried thereon to the end of a long table, at which 
point a revolving disk-cutter cute the rope into 
grains of proper lengths. Hie die can be changed 
BO that one press may turn out many »zes of grun. 

7. Dhtinq. 
(a) SolverU The grains from the powder-press are collected 

in suitable cases and taken to the advent-recovery- 



D,g,tza:Jb.GOOg[e 



PROGRESSiyE EXPLOSiyES. 131 

houM. At thia house the gr&ina are placed in certain 
receptacles, and hot air forced up through them. 
This hot air carries oS the greater part of the solvent, 
the grains shrinking and ebrivelling in the process. 
The air, laden with the vapors of alcohol and ether, 
passes to an elaborate refrigerating-apparatua, id 
which the two vapors are separately condensed and 
* collected. The process takes about S hours. About 
60% of the solvent should be recovered, but this 
d^rce of efficiency is rarely attained, 
(b) Dry-iumae. The powder is then taken to the dry-lumse, where 

it is kept from two to four months in a drying tem- 
perature of 100° to 105° F. 

In the manufacture of smokeless powder for the "United 
States, the alcohol used is supplied by the Government, 1.2 
pounds being allowed for each pound of powder accepted. 
Ether is supplied by the manufacturer. . 

All powder is doubly blended before being formed in accept- 
ance lots. 

The delivery of a lot of powder dates from the completion 
oi the blending and boxing it, at which time the powder inspector 
of the Government selects samples for chemical analysia and 
for holistic test. Its acceptance depends on the passage of 
these tests. 

Powder Is rfiipped in zinc-lined boxes containing, approxi- 
mately, 100 pounds. Each box is marked with the number of 
the lot, maker's initials, year, gun intended for, muzzle-velocity, 
pressure, and granulation. 

General Remarks on Smokeless Powders. 
Powder, such as that juat described, is a pure cellulose or 
colloid powder. Sometimes nitroglycerine or certain metallic 
nitrates are added to the colloid in the mixing, with a view to 
pving a better ballistic effect. These substances when added 
are to be considered as distributed throughout the mass of the 
colloid; the nitroglycerine like water in a sponge, the metallic 
nitrates like particles of sand, or earth, in ice made from muddy 
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water. They are not essentials; they are added to modify the 
character of the explosion in the bore of a gun. 

The ballistic efficiency of a powder may be represented by 
the ratio : 

Velocity given to projectile in f. a. 

Pressure in tons per sq. in. in bore 

It is desirable that this ratio should have a maximum value. 

The strength of guns now in use limits the denominator to 
about 16 to 18. 

With this limitation muzzle-velocity for a given projectile 
is dependent on the rate of bmuing of the powder, its quantity, 
and the length of bore. 

Under existing conditions a muzzle-velocity of about 2300 
f. s. may be had in guns having bores about 35 calibers long, 
about 2600 f, s, in guns having bores about 40 caUbers long, and 
2800 to 3000 f. s. in guns having bores about 50 calibers long. 

It hafi been universally thought dearable, heretofore, to so 
design a nitro-powder that the carbon would all burn to carbon 
dioxide. Lately this has been questioned by Mendel^ef, who 
advances the claim that the best results with progressive ex- 
plosives are to be had when the carbon is burned to CO instead 
of COa, for the reason that a pven weight of carbon will give 
double volume of CO compared with COa at same pressure and 
temperature, and this will be more efficient in a gun than the in- 
crease of volume due to the increased temperature in burning to 
COa. Furthermore, the higher temperature of the products of 
explosion when C is burned to CO2 is so destructive to the 
metal of the bore of guns by erosion as to make such explofdves 
less de^able. 

For example, military guncotton has insufficient oxygen to 
burn all of its C to COg, and nitroglycerine has an excess of 
oxygen. By mixing these two substances in proper proportions, 
the excess of oxygen in the explosion of the latter supplies the 
deficiency of oxygen in the explosion of the former, and the 
products of explosion of the mixture are COa, H2O, and N. 
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The English smokeless powder, cordite, is an illustratioD of 
such a combination; it is composed of 

Guncotton (acetone colloided) 37 parts 

Nitroglycerine 58 " 

Vaaehn 5 " 

100 

It gives high muzzle-velocities with low pressures, but the 
temperature of its explosion is very high comparatively, and 
has caused thereby such rapid erosion of the bores of English 
guns as to cause it to be discarded In favor of a powder with 
less nitrogiycerine, about 38 per cent. 

The celebrated French BN powder had barium and potas- 
sium nitrate. 

The explosion of such powders contajning an oxygen carrier 
disseminated throughout the mass of the colloided nitrocellu~ 
lose, appears to be more prolonged and increasing in its effect 
than that of the pure colloid powders. 

Based on the foregoing considerations nitrocellulose powders 
may be clasafied as follows : 

I. Pure Colloids. 

(a) Acetone colloids. Composed of nitrocellulose of high nitrar 
, tion colloided in acetone. Such colloids are brittle, and 
apt to disintegrate under pressure in the bores of gun, 
giving excessive pressures. They are dangerous, 

(6) Eiher-akohol colloids. Composed of nitrocellulose of mean 
nitration colloided in ether-alcohol. Such colloids are 
tough and elastic, and do not break up under pressure 
in the bores of guns. 
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II. Composite Ck:>LLon)8. 

(o) Acetone colloid for matrix with nitroglycerine. 

(6) Acetone colloid for matrix with metallic citrate. 

ic) Ether-alcohoi colloid for matrix with nitroglycerine. 

(d) Ether-alcohol colloid for matrix with metallic nitrate. 

(e) Acetone colloid for matrix with organic nitrate. 

</) Ether-alcohol colloid for matrix with organic nitrate. 

Some examples of these types of powders are given in the 
following table: 

PDRE COLLOIDS. 

ACBTONa. BTHBB-AI/MHOL. 

Maxim-Schu'pphaua, Mertdelief. 

GuncottoQ 80. PyroooUuloae,C^.(NO,)„0,^coD- 

NitroceUuloM {aoL) 19.6 tains 12.4 per oeDt of nitrogen. 

Urea. 0.6 

Powder for U. S. Army (patuum). 

100-0 Nitrocelluloae cxmtaming not lees 

Fovdre B (yieQW* Powder), than 12.65 per oe&t of nitrogen 

GunoottoD 68.21 ±0.5 per cent. 

NitroceUulose (sol.) 29.79 

Paraffin 2.00 Powder for U . 8. Navy (Canmm). 

Nitrocellulose containing from 12,4 

100.00 to 12.8 per cent of aitrog«n. 

JtifieiU. 

Quncotton 75. - 

NitroceUuloae (sol.) 22.48 

Nitrobensene. 2.62 



100.00 



/fufwrtt*. 

Guncotton. . ... 
Nitrobenzene- 



Smi»» Normal Powder. 

Guncotton 96.21 

Nitrocellulose (sol.) 1.80 

Resin 1.99 



100.00 
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COMPOSITE COLLOIDS. 

UXTAUJC NTTKATES AND KITRO- 



NITHOOLTC&BINB. 



Plaitomenite. BaUuttie. 

Nitrocellulose (N- 12.33%) 67,18 Gimootton 

Barium nitrate 9.76 Nitroglyeerine.. . 

Tolnea diuitiaU 22,06 DiphQnflamiae. . 



Poudn BiV. 

GuDcottoD 38. S7 

Nitrocellulose 33.23 

Barium nitrate 18.74 

Potassium nitrate 4 . 54 

Sodium cart>oiiate 3.65 

Solvents, etc 1.29 

SchaUze. 

GuncQttou 32.66 

Nitrocellulose. 27.71 

Celluloae 1.63 

Barium nitrate. 27.62 

Potassium nitrate 2.47 

FaraAin 4.20 

Solvents, etc 1 . 48 

E. C. Powder. 

Guncotton 2S.36 

Nitrocellulose 27.95 

Celluloae 3.15 

Potassium and barium ni- 

tmt«iB 37.80 

Resins, etc 3.76 



Cordite. 

Guncotton 

Nitroglycerine 

MaxmSchupphavt. 

Guncotton 

Nitrocellulose 

Nitroglycerine.. . . . 
Urea 



U. 



Naval (STnall Armt). 

Nitrocellulose 

Barium nitrate 

Potassium nitrate 

U. S. Army (SnutU Arm*, W 

Guncotton 

Nitrocellulose 

Nitroglycerine. 

Metallic nitrates 

Deterrent 
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V. 
detohahkg explosives. 

(a) Guncotton. 

As already explained guncotton is nitrocellulose of high 
nitratioD, contfuning above 12.9 per cent of nitrogen. Its 
manufacture has been described in connection with the manufac- 
ture of smokeless powder. The degree of nitration is regulated 
by the relative quantities of water, sulphuric acid, and nitric acid 
used in the nitrating bath, the time and temperature of the 
steeping. The purification of guncotton for disruptive military 
uses is accomplished in the same manner as described for 
nitrocellulose used in the manufacture of smokeless powder. 

In manufacturing guncotton for military purposes, purified 
pulp, produced as explained under the head of manufacture 
of smokeless powder is taken from the poacher to a stvff-chest 
by "suction. This consists of a large vat with air-tight top. 
Through the centre of the vat passes a vertical shaft, on which 
are mounted a number of feathered paddles. After the purified 
pulp has been FOicked up into the stuff-eh(-3t it is kept agitated 
by these paddles, so that the pulp will be kept evenly dis- 
tributed in suspension throughout the liquid. 

From the stuiT-chest the pulp is drawn into the movlding- 
press. This is an hydraulic press made of bronze and containing 
moulds. The pulp is run into these moulds, and the pres- 
sure applied for about four minutes. The mould-prcs-s blocks 
are taken to the final press, placed in the moulds of the final 
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press, and the pressure applied, increasing from a nuDimum 
of 6000 to a maximum of 7000 pounds per square inch, through 
an interval of about three minutes; the highest pressure is 
maintained for one minute. 

The blocks as they come from the final press contain about 
15 per cent of water. 'ViTiile in the press they are stamped with 
the name of the factory, the lot and year. Before being issued 
for storage or service they should be soaked in pure water until 
they contain about 36 per cent of water. 

In order to get dry guncotton for primers a block of wet 
guncotton is split up into one-half inch sections; these are 
strung on a copper or braes wire or tube separating the sections 
from each other, and exposed to a drying atmosphere out of 
direct rays of the sun. The sections should be weighed from 
time to time, and the drying should continue until the weights 
are constant. 

While, theoretically, 183.3 pounds of guncotton (trinitro- 
cellulose) or 176 pounds of endeca-nitrocellulose (Vieille's) 
should be obt^ned from 100 pounds of cellulose, in practice the 
yield is about 105 pounds of guncotton to 100 pounds of unni- 
trated cotton; this makes about 230 blocks. 

After nitrating and before pulping, guncotton retuns the 
complete cotton structure; even under the microscope no differ- 
ence is to be detected between nitrated and unnitrated cotton. 
The only outward evidences of the change is the rough feeling 
it has, the crackling sound when rubbed between the fingers, and 
its electrical properties, sticking to the fingers if rubbed between 
them. Rubbed in the dark, dry guncotton is to some extent 
phosphorescent. 

It may eaaly be distinguished from unnitrated cotton by 
treating with solution of iodine in potasaum iodide, and sub- 
sequently moistening with dilute sulphuric acid. Unnitrated 
cotton, when eo treated, gives a blue color; nitrated cotton, a 
yellow. 

Dry guncotton varies in color from white to light yellow. 
The yellow is often an indication of sodium cwbonate. Some- 
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times, there is a brownish or reddish shade ; this is due, as a rule, 
to iron, from the washing-water. 

When pure, it is without color, odor, or taste, and free from 
either alkaline or acid reaction. 

The density of unpulped dry cotton is about 0.1; after 
pulping, about 0.8; and in the block form after compression, 
about 1.2. The abeolute specific gravity of guncotton is 1.5. 

It is insoluble in both hot and cold water and in alcohol, 
ether, and ether-alcohol, at ordinary temperatures. 

It is soluble in acetone, acetic ether, and the nitro-derivatives 
of the aromatic hydrocarbons. 

It is insoluble in nitroglycerine; but both guncotton and 
nitroglycerine dissolve in acetone, and a combined colloid may 
be obtained by dissolving them in this solvent and then evap- 
orating the common solvent. Soluble nitrocellulose is partly 
soluble in nitroglycerine, and explosive gelatine is based on this 
property. 

Guncotton is completely decomposed by boiling in a solution 
of sodium sulphide, while unnitrated cotton is not; this prin- 
ciple is used in analyzing guncotton. 

Caustic potash solution, with alcohol added, decomposes gun- 
cotton almost instantly. 

For disruptive purposes, guncotton is used to fill the cavities 
of shell, to charge torpedoes, and for demolitions of all kinds. 
For these purposes, it is pressed by hydraulic pressure while in 
the wet state, in the form of purified pulp, into suitable disks, 
blocks, or special forms. It is not colloided. 

Its value as a disruptive agent rests upon its great force, 
and its safety in handhng, storage, and manufacture. 

While many disastrous explosions have occurred with it in 
the past, none have of late years; and the fact that it is kept 
in storage in the wet state in which it is non-explosive, except 
with a powerful detonator or a small piece of dry guncotton, 
makes it less likely to accidental or spontaneous explosion than 
any other explosive now used. 

If properly purified, guncotton may be kept for years, 
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even in the dry state, without the slightest deterioration. If 
not purified completely, some of the nitro-by-products may 
decompose, and these initiate a progressive decomposition of a 
mass of guncotton. If, however, the gases generated in such 
decomposition are free to pass off, the mass will quietly disin- 
tegrate. The first evidences of decomposition are acid fumes. 
These may be recognized by their pungent odor, or, if a piece of 
moist, blue litmus paper be amfjied with a mass of guncotton 
thought to be in the state of incipient decomposition, it will 
soon be reddened. As its decomposition progresses, the fumes 
become moi^ copious and may be seen as the reddish-brown 
gas, N03 (nitric peroxide). At the same time, the mass begins 
to show soft, pasty, yellow spots, which extend and coalesce 
until the whole mass is soft and pasty; and, in connection with 
the escape of gas, the mass shrinks in volume. As the process 
proceeds, other gases than NO2 pass off. The residue is an 
amorphous, porous, sugar-like substance, almost entirely soluble 
in water. As long as the gases escape and the heat developed 
by the reactions is carried off with them, there is no danger 
-of explosion; but if the gases cannot escape, the pressure in- 
creases, the heat is retained, the reaction is accelerated, the 
temperature rises, and ultimately an explosion may result from 
these causes. 

In the case of a mass of decomposing guncotton, it should 
be spread out, exposed to the ^r, out of the sun, and wetted 
with water. 

White nitrocellulose is one of the safest explosives known 
and, when carefully purified, is not liable to decomposition, 
still it should be kept in mind that it is an explosive, and due 
care in handling and storing it should be observed. 

Some authorities claim that strong light will act slowly 
to originate the decomposition of nitrocellulose; but Abel, 
who made searching investigation of this matter, says 
that "gimcotton produced from properly purified cotton may 
be exposed to diffused daylight, either in the open air or in 
closed vessels, for very long periods, without undergoing any 
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change. The preservation under these conditions has been per- 
fect after three and one-haJf years." But long-continued expo- 
sure of dry guncotton to the direct rays of strong sunlight pro- 
duces a very gradual change. If moist guncotton be exposed 
to sunlight, it is affected to some greater extent than dry 
guncotton, but the change is very small even after several 
months' exposure to sunlight in a glass bottle. 

It has been found that guncotton, exposed to the sunlight 
without confinement, has had its stability, as determined by 
the heat-test, improved. This would seem to suggest that the 
actioD of sunlight decomposes the unstable nitro-by-products, 
and the escape of these into the air slowly leaves the nitro- 
cellulose proper in a purer and more stable state. Indeed, 
the evolution of acid fumes from a nitrocellulose exposed to 
strong, diffitsed light would be evidence of incomplete purifi- 
cation. 

Instructions for blending or drying smokeless powders re- 
quire that the operation be f)erformed out of the direct rays 
of the sun. 

Heat of sufficient degree, of course, disintegrates the nitro- 
cellulose molecule; but nitrocellulose of either high or low 
nitration, that has been properly purified, will stand a tem- 
perature approaching 130° F. without change.' 

Water or a damp atmosphere serves to protect nitrocelluloee' 
from the disintegrating effect of heat (not light). A guncotton 
stored in water or in damp magazines is able to withstand, 

' " ia general, it may be said that no njtro-compoutid will Btand lieating 
to tomperatures above 160° F. for any prolonged period. At 194° F., even 
tbe best and purest product is sure to decompoee within a few hours, and 
even pure gunootton cannot be exposed to a tanperature above 122° P., 
without impairing ite capability of subsequently standing the heat-test. It 
IB true, decomposition may not take place at this temperature, and that the 
product may be kept indefinitely without decomposition under favorable 
conditions; but whenever it is again subjected to the heat-teat at 160° F., 
it will at once give a distinct reaction. In general, it nould appear that 
only the most perfect products will stand a temperature of J 13° to 122° F. 
for some months without impairing their capability of standing the heat- 

t«St. ' ' G UTTMANN. 
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without change, temperatures as high ea 200" F. for long periods. 
This property renders guncotton a desirable explosive in hot, 
damp climates. Water not only protects the nitrocellulose 
proper from the disintegrating action of heat, but also the nitro- 
by-products present in incompletely purified nitrocellulose. 

To be non-explosive, it ia only necessary that the guncotton 
be damp; nitrocellulose, with only the water left in it after 
coming from the centrifugal wringer, is not to be exploded by 
fire or ordinary shock. 

Guncotton made for disruptive purposes contuos, as a rule, 
a small amount of carbonate of sodium; this,! disseminated 
through the mass of the cotton, tends to neutralize any 
free acid that may be formed in storage. It would not be 
de^rable to have it in finished smokeless powder, as it 
would increase the solid residue in guns and cause some 
smoke, 

Guttmann is opposed to the use of sodium carbonate in 
guncotton even to neutralize free acid due to incomplete 
purification or incipient decompodtion. If the guncotton is 
properly purified, there is no reason why there should be free 
acid, or why decomposition should take place; and if decom- 
position should begin, the action of the carbonate would only 
neutralize the first gases given off, it would not arrest the pro- 
cess: indeed, alkalies have a tendency to decompose nitro- 
cellulose at temperatures above 86" F. It is not desirable to 
check incipient decomposition by sodium carbonate; on the 
contrary, if incipient decomposition takes place, it is derarable 
that the gases given off should pass off and serve themselves 
to pve evidence of the condition existing. "At ordinary tem- 
peratures — that is, those occurring under normal circumstances 
of storage and carriage — decomposition of guncotton, so far as 
present experience goes, b out of question." 

Cold has no effect on dry guncotton. The compressed cakes 
' and disks are caused to fiake oS on the surfaces if wet and exposed 
to freezing and thawing, and the freezing also causes the mass 
of the cake or disk to open out and be less compact. 



D,g,tza:Jb.GOOg[e 



. 14a NOTES ON MIUTMRY EXPLOSIVES. 

Variations of temperature between 105^ F. and 32" F. have 
no effect on either the phy^cal or chemical conditions of gun- 
Botton. 

Guncotton, even when dry, is not liable to explode by blow 
or friction, unless very closely confined and compressed. For 
example, in order to explode by a blow a piece of guncotton, 
it is necessary to take a small piece, wrap it tightly in tin- 
foil, place on an anvil, tap it two or three timee lightly to 
compress it, then strike it a heavy blow. Shells filled with 
disks of dry compressed guncotton have been fired from 
guns into masonry at fifty yards from the gun without ex- 
plosion. 

Flame, or metal heated to red or white heat, will ignite 
guncotton. Its rate of burning is affected by the degree of con- 
finement and phy^cal state of the mass: if woven into wicks 
or compact cloth, the rate is much reduced; if compressed 
while in the pulped state into compact blocks, its rate is also 
reduced. Burning guncotton may be extinguished by water; 
but if a mass of considerable ^ze be burningi it may be quenched 
on the exterior and continue to burn in the interior. Wet gun- 
cotton in any form cannot be ignited by flame, A wet disk of 
guncotton thrown into a fire will first dry out on the outer sur- 
face and burn there, and continue this progressively until the 
whole disk is consumed. As much as a ton of wet guncotton 
has been consumed in this way without the eUghtest evidence 
of exploaon. 

The igniting-point for nitrocellulose is about 186° C. 

The specific heat of the gases composing the products of 
explosion may be taken approximately at 0.28. 

The experiments of Roux and Sarrou indicate 1056,3 centi- 
grade units of heat given off by the explosion of guncotton. 
This indicates a temperature of 3700° C, Nobel and Abel fixed 
the temperature, as a result of their experiments, at 4400° C, 
Sarrou and Vieille found that water was dissociated at the tem- 
perature of the explosion, all of the carbon burning to CO2. 
Berthelot estimates that guncotton of denMty 1.1, exploded m 



D,g,tza:Jb.GOOglC 



DETONATING EXPLOSIl^ES. I4J 

ite own volume, will pve a preesure of 160 tons per square inch. 
The rate of propagation of the explosive wave of guncotton 
in ri^d tubes has been found to be 5000 to 6000 metres per 
second. 

Experiments of Professor C. E. Munroe, at the naval gun- 
cotton factory at Newport, R. I., have shown that thoroughly 
dry guncotton can be detonated by three grains of mercury ful- 
minate; air-dry guncotton, by five grains, if the fulminate be 
confined in copper tubes and the tubes are in close contact 
with the cotton. The Navy primers, however, have 35 grtuns 
of mercury fulminate in order to have a liberal certainty 
factor. 

A disk of guncotton detonated on an iron plate reproduces 
on the surface of the plate the reliefs and depresdons on the 
surface of the disk; a depres^on on the surface of the disk will 
be reproduced as a depres^on on the surface of the plate. The 
explanation of this is to be found in the erosive effect of the 
rushing gas at those points where there is no contact; it is the- 
same effect as is to be noted near the bands of projectiles in the 
bores of guns : the enormous velocities of the gaseous molecules 
impinging on the metal at these points, in connection with the 
weakening of bonds of cohesion and affinity by the high heat, 
is thought to be sufficient to account for the phenomenon. 

The violence of explosion is greater in proportion as the con- 
finement is greater; the maximum being when confined ripdly 
in its own volume, and, in accordance with this principle, tamp- 
ing increases the violence of an explosion. Even the amount of 
air-pressure will have its effect on the character of an explosion; 
the same explosive and detonator would ^ve a more mild 
explosion on a mountain-top than at the seashore. 

Wet guncotton gives a more brusque explodon than dry 
guncotton; and Professor Munroe explfuns this by supposing 
that the water in its pores, being nearly incompressible and 
highly elastic, increases the rat« of propagation of the explosive 
wave or disturbance and diminishes thus the time of explosion. 

The energy of the explosive wave may be sufficient to initiate 



D,g,tza:Jb.GOOg[e 



144 NOTES ON MILITARY EXPLOSIVES. 

explosion in a.mass placed at a certain distance from an explod- - 
ing mass. This is called explo^on by influence. Two theories 
are advanced to accomit for the phenomenon: One, that the 
explosion ia due to certain synchronous relations of the motions 
of the molecules of gas and the molecules of guncotton, — that a 
wave of certfUQ amplitude and length passing over the guncotton 
causes "sympathetic " motion to be taken up by the latter, 
and this in turn accomplishes the disruption of the guncotton 
molecule; just as a string of a musical instrument may be set 
to vibrating by sounding near it the note which ^ves the wave 
of sound that correspond to the string, or as certan glass beads 
under strain may be shattered by musical notes of certain pitch. 
The other considers that in all cases the explodon is initiated 
by the energy of the impact of the molecules in motion, — that there 
is a definite product of molecular mass into molecular velocity, 
which, if it be delivered against a molecule of guncotton, will 
disrupt the molecule, and the disruption of one molecule will 
disrupt all adjacent molecules, and so on. As temperature 
varies directly with molecular velocities, an explosive molecule, 
for a given pressure, requires a given temperature to disrupt it. 

While both theories have advocates, the latter is thought to 
be more generally accepted at the present time. Some author- 
ities claim that in all cases heat initiates explosions. 

Explosion by influence may be illustrated by placing gun- 
cotton disks ade by ade at varying distances apart {}", J", 
3", 1") and noting the effect. 

Berthetot fixes the heat of combustion of guncotton at 12 
calories for each nitryl radical, and, accepting the producta of 
explosion as determined by Sarrou and Vieille, gives the total heat 
of combustion at 633 calories per molecular weight proportion. 

Sarrou and Vieille conducted a series of experiments in 
which guncotton was exploded in a closed vessel. They found 
the volume of gases reduced to 0° C, and 760 mm. pressure, 
to vary with the denaty of the charge, both as to proportion 
of each kind and total volume. Some of their results are given 
in the following table : 
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0.01 

658.5 
49.3 
21.7 
12.7 
16-3 
0.0 


0.023 

670.8 
43.3 
24.6 
17.2 
15.9 
trace 




Volume of cases (reduced) per 




Composition of gases per 100 
volumes: 


CO 

N 

CH, 


37.6 
27-7 
18.4 
15.7 
0.6 



From this it appears that the proportion of CO and N de- 
crease, and CO2 and H increase, as the density of charging 
increases; also, that for the higher charging a little CH4 appears.' 

From these results Berthelot writes out the following reac- 
tion for the explo^on of guncotton exploded in closed vessels, 
under the ordinary conditions of charpng for (^eruptive pur- 
poses, as in torpedoes : 
CmHibObCHNOs)!! exploded 

-24CO + 24COa + 17H2 + 12H20 + llN2. . 

When guncotton is hurned in the open air there is some 
nitric oxide in the products of combustion, amounting to about 
24 per cent of the total volumes of the product. 

(b) Nitrogl7C«i:ine. 
Nitrc^ycerine is a nitric ether of propenyl alcohol (com- 
monly termed glycerine). 

Propenyl alcohol is trihydric and may be written structurally : 
H 
I 
H-O—C-H 

I 
H— 0— C— H 

I 
H-O-C— H 
I 
H 

or, in ordinary symbols. C3H8(HO)3. 

'This CH, may, perhaps, account for tlie Bare-backs from cannon in using 
smolceleas powder. 
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The nitric ether is formed by replacing the H of the HO 
radicals by NO2, and theoretically there may be three ethers, 
corresponding to one, two or three replacements of H, forming: 
Mononitroglycerine, CBHfl(HO)aON02, 
Dinitroglycerine.i C3Ha(H0)02(N02)2, 
Trinitroglyceiine, C3Ha(N0a)a. 
Only the last is of interest. 

The process of manufacture of nitro^ycerine follows in a ' 
general way the o[>erations performed in the manufacture of 
guncotton, and consist essentially of : 

1. Nitrating the glycerine; and, 

2. Purifying the product of free acid and other nitro-com- 
pounds. 

In nitrating, it is not possible to place a large amount of 
glycerine in the acid, for the reason that the action would be 
too energetic and the temperature would rise too high. There- 
fore the process is so modified as to bring small amounts of 
pure glycerine (free from lime, iron, aluminum, ciilorides, fatty 
acids, glucose, or other adulterants, having a specific gravity 
of 1.26) in succession into the presence of the mixed acids. 

Sulphuric acid is used in the acid bath for the same reason 
as in making nitrocellulose. 

The acids must be of the highest possible concentration, in 
the proportion of 1 part by weight of nitric acid (93% to 95%) 
to 2 parts by weight of sulphuric acid (96%). 

According to the chemical formula, ^7 parts of nitrc^lycerine 
should be obtained from 92 parts of glycerine and 189 parts of 
nitric acid; in practice it is necessary to take a much higher 
proportion of acid. As a rule, 1 part of glycerine is taken to 8 
parts of nitric acid and about 14 parts of sulphuric acid. 

In order to keep down the heat developed by the reaction, 
the glycerine must be kept between 68° and 77° F. This is regu- 
lated by the amount of glycerine injected into the mixed acids. 
The heat is caused by the water combining with the sulphuric 

' It JB understood that quite recently dinitroglycerine has been used with 
very promising results in a new explosive. 
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Acid, A rise in temperature may explode the nitroglycerine or 
cause a !oss of product, converting it into oxalic acid and 
other products; these are difficult to remove, and make the nitro- 
glycerine unstable if not removed. This excessive heating is 
called "firing." If the temperature rises above 86° F. and 
cannot be controlled by stopping admission of glycerine, com- 
pressed Mr is forced through pipes into the mixture, and the 
acid bath cooled by the expansion of this air and the agitation 
it causes. If the temperature still continues to rise, the whole 
charge is run out into safety tanks. These safety-tanks ar» 
large leaden chambers or vats, situated at some distance from 
the nitrating apparatus into which, in case of firing, decom- 
posing mixtures may be run directly at any stage of the 
manufacture and "drowned" in a large mass of cold water, 
which is kept a^tated and cooled by compressed air escaping 
through the mixed liquids. 

It requires about one hour to charge, nitrate, and discharge 
the contents. During the nitration copious fumes of NO2 are 
given off from the surface of the acid mixture. The condition 
of the charge and the degree of reaction are judged by inspection. 

When the nitration is completed the contents are permitted 
to run out into the separating apparatus, which consists of a 
large leaden tank. The nitroglycerine, having less specific grav- 
ity than the waste acids and mixed by-products, collects on 
top. It is drawn off through a stop-cock into a second tank 
contuning water. While the nitroglycerine is being run into 
this latter tank, compressed air is forced from below through 
the water, keeping it a^tated. The effect of this is to "wash " 
the nitroglycerine and to keep the temperature between 60° 
and 86° F., which is of first importance. Its specific gravity 
being greater than water (1.6), it settles to the bottom of the 
tank as soon as the compressed air is shut off, and is drawn off 
from it for further purification. A small amount of nitroglycer- 
ine will be left in the wash-water; this is partially recovered 
hy mixing with other washings and subsequent separations. 

There remain also some slight traces of free acid; these 
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are removed by adding a small quantity of sodium carbonate 
in solution. The washing process is then repeated in a washing- 
tank of ^milar construction, agitating the hquid in a warm 
dilute solution of sodium carbonate by compressed air, repeat- 
ing the washings and renewing the solution until the desired 
degree of purity is attained. 

After it is thoroughly washed, it is filtered through Sannet 
or felt, stretched on suitable frames, two frames being used, 
to remove all slimy and foreign particles which may have gotten 
into the liquid during the manufacture. A layer of dried salt 
is placed on the filters, to remove small quantities of water still 
in the liquid and to favor the rate of filtering. 

The nitroglycerine is allowed to stand in a wum room for 
several days, and still a small quantity of water will rise to the 
top, and may be removed by skimming or absorption. 

The waste acids and wash-waters are subjected to special 
treatment to recover the small quantities of nitroglycerine 
carried off in them, and to place the acids id such condition 
that, after properly "fortifying " them, they may be used 
again. 

Physical Properties. — Nitroglycerine, made from chemically 
pure ingredients and at a temperature between 60° and 80° F., 
is a water-white oily liquid, without odor at ordinary tempera- 
ture. Commercial nitroglycerine has a yellow color, more or 
less deep. When free from water it is transparent; the pres- 
ence of water makes it milky and translucent. 

It has a slightly sweet taste, and gives a burning sensation. 
It i.s very poisonous, and a very small quantity absorbed 
through the mouth, nostrils, or skin gives characteristic symp- 
toms of giddiness, faintncss, and severe headache; if the quan- 
tity be increased, these symptoms become more aggravated, 
producing rigor and unconsciousness. Robust and highly ner- 
vous persons appear to be specially susceptible to the effects 
described. SoTuetimes one never becomes immune to these 
effects, but, as a rule, the human system littie by Uttle adjusts 
itself BO that workmen experience no unpleasant effects. The 
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headache effect is most often experienced by those not accu»- 
tomed to handling nitroglycerine. 

Nitroglycerine contracts about .08 of its volume in freez- 
ing, which it does at 3° to 8° C. (37° to 46° F.);' it does 
not melt from the frozen state until at about 11° C, or 
about 51° F. 

Nitroglycerine is soluble in alcohol of above 90 per cent 
strength, ether, chloroform, benzine, concentrated sulphuric 
acid, glacial acetic acid, warm turpentine, methyl- and amyl 
alcohols, carbolic acid, nitrobenziue, toluene, acetic ether, 
acetone, olive-oil, stearine oiJ, hot nitric acid. 

It is insoluble in cold water, 50 per cent alcohol, carbon 
disulphide, cold turpentine, keroeene, caustic-soda solution, 
borax solution. 

It is decomposed by cold hydrochloric acid, specific gravity, 
1.2, slowly; hot ammonium sulphydrate, hot iron chloride, 1.4 
grams Fe to 10 c.c. 

The presence of nitroglycerine may be detected by acting 
on the suspected liquid with a solution ^ of aniline in concen- 
trated sulphuric acid. This gives a purple color, which turns 
green on the addition of water. 

Another ample test is to absorb <the suspected drop or 
quantity with blotting-paper. If it is nitroglycerine, it will not 
dry, and, when struck on an anvil with a hammer, it will ex- 
plode, lighted, it bums with a yellowish flame; placed on a 
hot metAl plate, it explodes. 

In the frozen state, nitroglycerine is less senative to shock 
than in the hquid state; but the process of thawing frozen 
nitroglycerine is a very dangerous one, and many accidents 
have resulted therefrom. It should never be attempted over 

I According U> Waike, at 3° to 1° C. (37° to 40° F.); according to 
Bloxam, at about 4° C. (40° F.); according to Munroe, at 39° to 40* F.; 
according to Guttmann, freeESe at 8° C. and melts from the frozen state 
at ll" C. 

A small per cent (O.S to 3.) of nitro-benzine reduces the freeitog-point 
\'er}' much, but diminishcH the explosive effect also. 

' I volume aniline to 40 volumes H,SO„ specilii: gravity I.S4. 
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a naked flame, or by direct contact with a BO?id in contact with 
a flame. The only safe way is to thaw over steam-pipes heated 
not higher than 50'' C. (122° F.), or immersed in a water-tight 
vessel itself immersed in a vessel of water heated not higher 
than 50° C. (122^ F.). 

Nitroglycerine can be completely evaporated at a tempera^ 
ture of about 70° C. (158° F.). It evaporates slowly at lower 
temperatures; at 40° C. (104° F.) 10 per cent has evapo- 
rated in a few days. Washing for two hours with water at 
50° C. (122° F.), with agitation by compressed air, 0.15 per cent 
of nitrc^ycerine ia lost. 

Although frozen nitroglycerine is very liable to explosion 
if brought over a naked flame or hot metal, Ivjuid nitro^ycerioe 
is insensitive to Same. A l^hted match plui^ed into liquid 
nitroglycerine will be extinguished without cau^ng explosion; 
an incandescent platinum wire will be cooled down, the nitro- 
glycerine only volatilizing. 

If the liquid is ignited in the open air, it will bum quietly 
provided the mass is small; if it is large and the tempera- 
ture is increased by a failure of the heat of the burning 
surface to be conducted off, explodon will take place when 
the temperature of the surrounding medium rises to 180** C. 
(356° F.). 

Formerly, nitroglycerine was thought to be liable to undei^ 
spontaneous decomj>osition, but, as now manufactured, such 
danger is very remote. If properly purified, there should be no 
tendency to decompose. When decomposition starts, it pro- 
ceeds slowly and quietly, ^ving off NOa and CO2 and forming 
crystals of oxalic acid; the escaping gaaes, some of which are 
held in the Uquid, color it green. As the decompoation pro- 
ceeds, the entire mass, after some months, is converted into a 
greenish, gelatinous substance, composed chiefly of oxalic acid, 
ammonia, and water. Decomposing nitroglycerine is, therefore, 
characterized by a greenish color. While in this state, it is more 
liable to exploaon than when normal, and every care should 
be taken not to subject it to jar, blow, or shock; decomposing 
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nitroglycerine should be exposed to the open air, so that the 
beat of chemical action may be carried off. 

All nitroglycerine should be tested from time to time for 
free acid with blue litmus-paper. 

If heated above 45° C. (113" F,), decomposiljon will ensue, 
but below this temperature it may be kept in stora^ indefi- 
nitely without change. 

A mas3 of nitroglycerine heated above 180* C. will explode. 
It will explode by shock under certain conditions. If pinched 
between two rigid surfaces like metal or rock, it explodes; e.g., 
a small piece of blotting-paper saturated with a drop of nitro- 
glycerine, struck by a hammer on'an anvil, will explode at the 
point struck, but, as a rule, not beyond. A thin thread or 
sheet of nitroglycerine on a metal surface will detonate if struck 
with a piece of metal. A buUet fired into a mass of nitro- 
glycerine will detonate it. . 

Shock, friction, and heating of all kinds must be carefully 
guarded against in handling and keeping nitroglycerine. 

Nobel, in 1863, discovered that the highest type of explosion 
could be initiated in nitroglycerine by a small cap of fulminate 
of mercury. This marked an epoch in explosives, in that it 
for the first time established the fact that the character of the 
explosion is dependent upon the character of the initial disturb- 
ance. Nitroglycerine should, therefore, be fired by a cap of 
mercury fulminate if ita full explosive force is to be developed, 
and for this purpose the cap should be in direct contact with 
the Uquid. In the frozen state, it requires a powerful cap to 
detonate it. 

Great care should be taken of cans or other receptacles 
which have contained nitro^ycerine. The film of nitroglycerine 
left on the surface of such empty receptacles has caused disas- 
trous explofdons. All such receptacles should be immersed in 
an alkaline sulphide solution before being used for other purposes. 

The explodve reaction for nitroglycerine may be ^ven as 
follows: 

2C3ll60B(NOa)8 exploded -6C0a +5HzO +3Na +0. 
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One kilogram ot nitroglycerine should give 1135 litres of 
gaseous products. 

The temperature of explosion has been ascertMned by 
experiment to be about 3000° C. The theoretical temperature, 
exploded in its own volume, is 6980" C. 

The energy represented by 1 kilogram is about 6000 kilo 
gram-raeters. It is about eight times more powerful than 
gunpowder, weight for weight. Exploded in its own volume, 
it gives a pressure of about 164 tons per square inch. 

Nitroglycerine was first used by Nobel in 1864 for blasting 
purposes. It proved to be a very dangerous explaave, on 
account of its liquid state and its " creeping " and "sweating " 
properties. Small masses could not be distinguished from 
water, and the detonation of a drop might explode huge masses, 
caudng great destruction of life and property. 

To avoid these dangers, Mowbray, of North Adams, Mass., 
made use of it in the /rozen state in the construction of the 
Hoosac Tunnel. Not only were the dangers due to the liquid 
state avoided, but in the frozen state it is less sensitive to 
shock. 

Nobel next resorted to the device of dissolving nitroglycerine 
in wood alcohol (15 to 20 per cent) for shipment. While in this 
state it is absolutely non-explosive, and can be recovered in 
its explodve form by adding 6 to 8 times its volume of water 
to the solution. While this made shipment safe, the danger of 
handling it in blasting, and for disruptive purposes generally, 
remained, and its use in the liquid state was discontinued abroad 
some years b^, and recently in America. 

At present, nitroglycerine is only used in explosives as an 
ingredient of dynamites of various types and of smokeless 
powders. 

If at any time it is necessary to store liquid nitroglycerine, 
it should be kept in earthen crocks, standing in copper vessels, 
and a layer of water should be kept qn the nitroglycerine. 

If the liquid show a green color at any time, the mass should 
be destroyed by explosion or by chemical action, any alkaline 
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sulphide Bolution being efficient for this purpose. "Sulphur 
solution," made by dissolving flowers of sulphur in a solu- 
tion of sodium carbonate, is the solution used, as a rule, 
for this purpose. Whenever nitroglycerine is stored either in the 
Uquid form or as dynamite, a sulphide solution should be kept 
on hand to pour over particles that may get on shelves or floor. 



(c) 

" Dynamite " is a term that has both a general and a specific 
meaning. As a general temi, it includes all mixtures of nitro- 
glycerine with solid substances, in which the latter hold the 
liquid nitroglycerine in absorption. The mixing may be done 
directly or indirectly through the medium of a solvent. The 
solid substancA is called the base or dope. The base may be 
itself an explosive, or a combustible material, or entirely inert 
in the chemical reaction of explosion. In this sense, smoke- 
less powders that have nitroglycerine as an ingredient par- 
take of the nature of dynamite, but the name is used with 
reference to explosives designed for disruptive purposes only. 

Berthelot divides dynamites into several classes: 

1. Those having an inert base of sihca, magnesium carboniate, 

brick-dust, tripoli, sand, ete., having litUe or no chemical 
action in the explosion, and act ^ong physical lines to 
render the mixture safer by checking the transmission of 
molecular shock-waves, the harmonious prop^ation of 
which, through a homogeneous mass, gives rise to the 
explosive wave. 

2. Those having an active base, which may be 

(o) An explosive compound. 
(6) A combustible base. 

(c) A mixed base, consisting of a combustible and an 
oxygen-carrier. 
The bases are modified to suit the work in hand; the nature 
of the exploaon may be either shattering (locaJ) or propulsive, 
the latter grading off into the slow-burning powders. 
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Iq a more special sense, the term refers to tiie first practical 
form of dynamite, namely, that in which liquid nitroglycerine 
was mixed with the infusorial earth called kieBelguhr as the 
absorbent base. 

The difficulties and dangers attending the use of liquid 
nitroglycerine have been referred to. In 1866 Mr. Alfred Nobel, 
in attempting to avoid these, hit upon the nieana of absorbing 
the liquid explosive into the mass of pulverized kieselguhr, an 
earth found in beds in various parts of the world, conasting 
of the silicious remains of infusorial life. This earth has marked 
absorptive properties, due to the cellular nature of the particles 
which constitute it, and, having absorbed a Jiquid-Uke nitro- 
glycerine, it holds it tenaciously. Nobel, by making use of this 
property of kieselguhr, avoided the difficulties and dangers of 
transportation, handling and exploding nitroglycerine without 
materially impairing its power, and to this nuxture he gave the 
name "dynamiie." When carefully calcined the best kieselguhr 
will absorb over four times its own weight of nitroglycerine. 
The amount of nitroglycerine present in any case is regu- 
lated by the character of the work to be done; the highest 
commercial percentage is 75 per cent, and this is called 
"Dynamite No. 1." Dynamite "No. 2" has 50 per cent 
nitroglycerine; "No. 3," 30 per cent nitroglycerine. A Uttie 
sodium carbonate is usually present to neutralize any free acids 
that may form. 

The following is a summary of the steps taken in the manu- 
facture of dynamite: 

1 . The kieselguhr is caldned in a reverberatory furnace. 

2. It is ground between rollers. 

3. It is passed through fine sieves. 

4. It is dried, 

5. It is packed in bags and stored in a dry atmosphere. 

6. It must not contain more than 0.5 per cent of water. 

7. Dry guhr is spread over the bottom of lead-lined trou^is. 

8. Nitroglycerine is poured over it and mixed thoroii^y. 
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9. It 13 rubbed through sieves: 1st, 3 meshes to the inch; 2d, 
7 meshes to the inch. 

10. The bulk djTiamite is pressed into cyUnders about 1 inch 

diameter and 8 inches long. These cylinders are called 
"sticks " or "cartridges." 

11, The cartridges are carefully wrapped in paraffined paper. 

The sensitiveness of dynamite is increased very much by 
beat. According to Eissler, "at 350^ the fall of a dime upon 
it will explode it." 

It ignites at 180° C. (356° F.); at this temperature it will 
bum quietly, if free from pressure and not affected by jar, vibra- 
tion, or extraneous force of any kind, otherwise it explodes. 

A thin layer spread over a tin plate will evaporate the nitro 
glycerine if placed over a burner, but if the layer be more than 
one-quarter of an inch deep the dynamite is Uable to explode. 

At a temperature less than 180° C, the sensitiveness in- 
creases with the temperature and time exposed. 

Exposed to gentle heat, dynamite undergoes no change. 
Heated at 100° C. for one hour, no change should take place. 
Heated rapidly to 220° C, it ignites and bums. If ignited it 
bums quietly when free, but if confined will explode. If a 
large mass of dynamite is ignited, the interior portion may be 
heated hi^ enough to explode, being confined by the sur- 
rounding mass. 

If exposed to high storage temperature for a comdderable 
time the nitroglycerine is liable to "leak"; dynamite should 
be tested for "leaking" at the highest temperature to which it 
is liable to be exposed in storage. 

When dynamite is exposed to a temperature below 12° C. 
the nitroglycerine has a tendency to freeze; and if it be lowered 
much below this, down, say, to 4° C, the nitroglycerine freezes, 
and in doing so separates from its base to a certain extent and 
does not always become absorbed again on melting. If sohdly 
frozen it is very insensitive to shock. A frozen stick of dynar 
mite may, however, be exploded by attempting to cut it or 



D,g,tza:Jb.GOOglC 



156 NOTES ON MIUTARY EXPLOSIVES. 

cbop it in two. It is dangerous to ram a frozen cartridge; 
forcing the frozen crystals over each other is apt to initiate 
an explosion; the violence of the explosion is much reduced in 
the frozen state. 

While a stick of unfrozen dynamite may be ignited without 
danger, it is very dangerous to bring a frozen stick in contact 
with a naked Same or highly heated surface. It is only safe 
to thaw it in a covered vessel itself immersed in a water- 
bath. 

Dynamite as a disruptive explosive is most efficient with 
hardj rigid material. With soft, yielding material it gives only 
a local effect. With such materials a slower acting explosive, 
like black powder or the modified dynamites described later, 
should be used. 

A dynamite with an inert base conttuning less than 30 per 
cent of nitrc^ycerine will not explode. When the proportion of 
nitroglycerine is reduced below 30 per cent it is necessary to use 
an active ba^e, either a mixture or compound (see Judson Powder 
and Blasting Gelatin). 

Kieselguhr dynamite usually has a light-brown to reddish- 
brown color, and looks like brown sugar. It should not feel 
greasy to the touch, and the wrappers of dynamite sticks should 
show no evidences of liquid nitroglycerine on the inside. The 
outside of the stick when the wrapper is removed should be 
smooth, even, and compact; there should be no evidences of a 
pasty condition, or greenish spote. Broken across, the stick 
should present an even, granular surface on the cross-section, 
with no evidence of exuded globules of nitroglycerine. 

The white depoat often seen on the outside of a stick of dyna- 
mite is not necessarily an indication of deterioration. 

Kieselguhr djmamite is used at present chiefly in America. 
Dynamite No. 1 is used to charge submarine mines, and for 
military demolitions. According to Munroe, dynamite No. 1, 
exploded in its own .volume, gives a pressure of 125 tons per 
square inch. 

For rock-quarrying, tunnel-making, and blasting generally 
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tiiere are many varieties of dynamites, particularly those having 
active bases, either exploave or combustible. 

The following are some examples of American conmieraal 
dynamites: 

Giant Powder (Dynamite No. 1). 

Nitroglycerine 75 parts 

Kieaelguhr 25 '• 

Sodium carbonate 0.5 " 

Atlas Powder (A). 

Nitrt^ycerine 75 parts 

Sodium nitrate 2 " 

Wood-fiber 21 " 

Magnesium carbonate 2 " 

Atlas Powder (B). 

Nitre^lyeerine 50 '* 

Sodium nitrate 34 " 

Magnesium carbonate 2 " 

Wood-fiber 14 " 

SAFBXr NiTHO-POWDEB. 

Nitroglycerine 68.81 parts 

Sodium nitrate 18.35 " 

Wood-pulp , 12.84 " 

GuNT Powder (No. 2). 

Nitro^ycerine 40 parts 

Sodium nitrate 40 " 

Sulphur 6 " 

Resin 8 " 

Kaeselguhr ; 8 " 

Rbndrock. 

Nitroglycerine 40 parts 

Potassium nitrate 40 " 

Wood-pulp 13 *' 

Htch 7 " 
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Vulcan Powder. 

Nitroglycerine 30,0 parts 

Sodium nitrate 52 . 5 " 

Sulphur 7.0 " 

Charcoal 10.5 " 

JuDSON Powder. 

Nitroglycerine 5 parts 

Sodium nitrate 64 " 

Sulphur. . '. 16 " 

Cannei-coal dust 15 " 

There is a dynamite mode in England, in which the 
base is charcoal made from cork. ThiB has a remarkable 
absorptive power, taking up as much as 90 per cent of 
nitro^ycerine, and retaining it even if kept under water for 
a prolonged period. It is known in the market as " cork- 
dynamite." 

Like all nitro-compounds, dynaniites are more senative to 
shock at the higher temperatures. 

Direct ra}^ of the sun have the same effect as with other 
nitro-compounds, tending t<\decompo8e them. 

Dynamite made from properly purified nitroglycerine 
should, however, keep indefinitely at ordinary storage temper- 
ature. 

Water in contact with dynunite displaces the nitroglycerine. 
This principle is made use of in collecting nitro^ycerine from 
dynamite for test. All dynamite which has been exposed to 
water is dangerous. 

Dynamite requires a much more violent shock than nitro- 
glycerine to explode it. Iron on iron, or iron on stone, will explode 
it, but wood on wood will not. It is more sensitive to shock 
in proportion as the percentage of nitroglycerine increases. 

A small-arm bullet fired at short range into dynamite will 
explode it. 
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(d) Explodve GfllAtin. 

In 1875 Nobel introduced a new type of explodve — a mix- 
ture of collodion cotton and nitroglycerine — under the name 
of "blasting gelatin." The chemical principle involved in 
this explofflve is that a more complete combustion takea 
place with the mixture than with either ingredient; the 
excess of oxygen in the products of explosion of nitroglyc- 
erine supplying the deficiency in the explo^on of nitro- 
cellulose, causing the C to bum to CO3, instead of partly 
toCX); this additional chemical action greatly increasii^ the 
heal, hence the volume and jorce of the explosion. The pro- 
portions vary, but may be taken at about 90 per cent of 
nitro^ycerine with about 10 per cent of nitrocellulose com- 
pletely soluble in ether-alcohol. According to Berthelot the 
proportions of the mixture are 93 to 95 parts of nitroglycerine, 
7 to 5 parts of collodion cotton. The mixing is done in trou^ 
at a temperature of 122° F. with wooden spades, and when the 
mass is so gelatinized as to make it difficult to work with Bpades 
it is kneaded by hand, like bread-dough, until it has a smooth, 
even consistency. It is then removed and allowed to cool, 
finally the mass becomes a rather firm, compact, jeUy-Uke sub- 
stance, soft enough to be easily cut by a knife. The finished 
product is worked into cylindrical cartridges, but this cannot 
be done in presses as with ordinary dynamite. As a rule, the 
gelatinous mass is placed in an inclined cylinder in which an 
Archimedean screw revolve^. The action of the screw is to force 
the gelatin to the upper end of the cylinder and out through 
a circular orifice in that end, forming a continuous "cable " 
or "rope" of the exploave. This cable is cut by a bronze 
knife into the lengths deaied. These cartridges are wrapped 
with paraffined paper, the same as ordinajy dynamite-cartridges. 

This substance is the most powerful exploave known, having, 
according to Abbot's experiments, 17 per cent greater intensity 
of action than Dymunite No. 1. According to Berthelot, by 
theory, it should have 30 per cent more power. 
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Explofflve gelatin is a yellow or li^t brown, gelatinous, 
elastic mixture, more stable than ordinary dynamite. It differs 
from ordinary dynamite, also, in that ordinary pressure does 
not cause the nitroglycerine to exude, and it is not affected by 
the action of water, except at the surface. One gram of mer- 
cury fulminate is required to detonate uncamphorated explosive 
gelatin. By adding to the mixture a small quantity of benzine, 
or, better, camphor (1 to 4 per cent), it is rendered insensitive 
to ordinary shock and friction, but at the same time it requires 
a more powerful primer to detonate it; the addition of camphor 
also raises the temperature of exploaon to above 300° C; if 
mixed with 10 per cent of camphor it fuses without exploaon. 
The speaal primer required to detonate camphorated blasting 
gelatin con^ts of 60 parts of nitroglycerine and 40 parts 
nitrohydrocellulose. The initial shock required to detonate 
blasting gelatin is six times greater than that required to deton- 
ate ordinary dynamite. Owing to these causes blasting gelatin 
is far less senmtive to explosion by influence; the sensitiveness 
of blasting gelatin varies in a general way inversely as the 
■quantity of nitrocellulose used in the mixture. 

A cartridge of blasting gelatin placed in water will turn 
white on its surface, owing to the fact that nitroglycerine in the 
outer layer is displaced. The nitrocellulose renmning forms 
a protective coating to the rest of the mass. 

At ordinary temperature it is much less sen^tive than 
ordinary dynamite; in the frozen state it is very sanative to 
shock, and, in this respect, the opposite of ordinary djoiamite. 

It bums in the open sax without exploding, when small 
quantities are used. 

It is very stable under the action of heat, keeping for days 
unchanged at 70° C, but its senativeness is increased by heat. 
Slowly heated to 204° C. it explodes. 

The stability test is for 10 minutes, but it will often stand 
the heat of the test for from 40 to 60 minutes. 

The action of blasting gelatin is too violent for many pur- 
poaes, and modifications of it have been introduced. The 
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explosive gelatin, as made above, or a little thinner (uang lesa 
nitrocellulose), is mixed with other substances, with a view to 
deaden the violence or prolong the duration of the explosive 
force, in the same manner as is done in ordinary dynamites. 
A large variety of these mixtures have been suggested; one of 
them is known as GekUin Dynamite, and has the following 
composition : 

■ ExploMve gelatin 65 per cent 



The explo^ve gelatin has only 3 per cent of lutrocellulose. 

The b^se is a powder made up of 75 parts of sodium nitrate, 
24 parts of wood-pulp, and 1 part of sodium carbonate. 

Analc^us to these is a class of explosives, in which nitro- 
cellulose is mixed with oxidizers like the metallic nitrates, and 
the mass held together by some cementing matrix, such as- 
parafRn, gums, resins, etc. There is a great variety of this 
class of explosives; they are of interest only historically, and 
in the sense only that it was through them that the present 
comport* smokeless powders were evolved, although originally 
used largely for blasting purposes. 

(e) Picric-add Derirathres. 

Picric Acid and the Picrates have been considered (see 
pp. 76 and 79). Recently cert^n derivatives of these com- 
pounds have come into use as charges for shells. The com- 
positions of these explosives are kept secret and cannot be 
^ven. They were first exploited in 1S69 by Briig?re and 
Designolles in France, and Abel in England. The powders 
proposed by these consisted of a mixture of ammonium picrate 
and saltpetre. 

Mellinite, used by the French as a shell-filler, is essentially 
picric acid alone or with other substances. Originally it was a 
mixture of picric acid and colloided nitrocellulose, later only 
fused picric acid was used, and Cundill says "there is some 
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reason to believe that oitrobenzol 01 a similar material is 
employed as well." 

Lyddite is the English equivalent of nieUinite. 

The later forms of these shell-filler explosives, such as were 
used by the Japanese and Russians in the recent war, are thought 
to be either pure picric acid or a mixture of it with nitro-com- 
pound, of the aromatic series, as suggested by Cundill. 

Much attention has been given to the use of high exploaves 
in shell by the U. S. Army Ordnance Board, with results superior, 
it is thought, to those attained elsewhere. 

The most successful explosives of this type in the United 
States are Maximite, Explosive D, and Picric Acid. 

Mr. Maxim, in an article in the "Journal of the Military 
Service Institution " for November, 1901, gives some account of 
maximite. He says it "consists mwnly of a novel picrate." 
Maximite is fuMbte. Shells are filled by melting it and pouring 
it into the cavity in the melted state. The Ordnance Board 
reports that the tests indicate that it is a suitable exploave for 
armor-piercing shell. It was used in the 12-inch A.P. shell 
in the Gathmann gun trials. 

Explosive D is not fusible; it is used as a shell-filler by com- 
pression; this is conadered a disadvantage, both because the 
density of charging is less and because application of pressure 
of such magnitude as is necessary to properly charge shell 
introduces a source of danger. Explosive D is, however, the 
least sensitive to shock of all the explosives named, and this 
is a very great advantage. 

A high exploave for charging shell must fulfil many con- 
ditions, some almost contradictory, in in order to be thor- 
oughly serviceable. 

The Ordnance Board, U. S. Army, enumerates the following 
requirements for high explomves for shell : 

Safety and InsensUiveness. 
1. Should be reasonably safe in the manufacture and free 
from very injurious effects on the operatives. 
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2. Must show a safe degree of inBensitiveDess in the impact 
machine. 

3. Must withstand the maximum shock of discharge under 
repeated firings in the shell for which it is intended. 

4. Must withstand the shock of impact when fired in unfused 
shells as follows: 

(o) Field Shell. — With maximum velodty, agwnst 3 feet of 
oak timber backed by sand. With remaining velodty, 
that of full-service charge at 1000 yards, against 
seasoned brick wall. 

(&) Siege Shell. — With remMuing velodty, that of full- 
service charge at 500 yards, agwnst seasoned concrete 
thicker than shell wUl perforate. 

(c) Armor-piercing Shell. — Against a 7-inch tempered sted 
plate in a 12-inch A.P. shell, with striking velodty 
just suffident to perforate the plate. 

Detonation and Strength. 

1. Must be tmiformly and completely detonated with the 
eervice-detonating fuse. 

2. Should possess the greatest strength compatible with 
other necessary requirements. 

Stability. 

1. Must not decompose when hermetically sealed and sub- 
jected to a temperature of 120° F. for one week. 

2. ShoTild be preferably non-hygroscopic, and must not 
have its facility for detonation affected by moisture that can 
be absorbed rmder ordinary atmospheric conditions of stort^ 
and handhng. 

3. Must not attack ordinary metals used in projectiles and 
fuses to an extent that cannot be prevented by simple means. 

4. Must not deteriorate or undergo chemical change in storage. 

Charging Shell. 
1. Safety. — Charing must not be attended with unusual dan- 
ger, and should not require exceptional skill or tedious methods. 
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2. EfficieTuy. — It is very dearable that shell may be chained 
by pouring in the explosive in fused state, or by inserting the 
charge in the form of densely compressed blocks. 

Supply. 
It should be possible to obtain large quantities of it quickly 
and at reasonable cost. 

The following table gives the data of tests made with the 
exploaves that were favorably considered by the Army Ordnance 
Board: 



NMure of Proporty, 


A 


^! 


"S? 


E^™ 


Qmi. 


Relative force tor actual dena- 
it; of loadiDg in sheU re- 
ferred to gunootton as 


2.12 
3.62 
2.M 

9.00 

»3.60 
Melted 

Yes 
Yee 
rested 

g" 

Yes 
2.12 
Yea 
Yes 

Yea 

Tested 


2.87 
1.70 
1.66 

5.84 

J2.04 
Melted 

Yea 
Yea 

Tested 

(a) " 
(6) " 

2.87 
Yea 
Yes 

MetalK 

must be 

protected 

Not 

tested 


l.Bl 

1.65 
1.6S 

5.67 

J2.83 
Melted 

Yea 
Yea 
Tested 

(fe) " 

W " 

Yes 
1.91 
Yes 
Yea 

Metals 

must be 

protected 

Not 

tested 


1.81 
1.04 
1.31 

4.75 

11.80 
Bulk corn- 
Yes 
Yes 

Tested 

(6) " 

Tested 
1.81 
Yea 
Vee 

Yes 
Tested 








Density of loading in ahdl. . . 


0.73 


CoBt of same charge (eati- 






Pelleta, 

wax 
matrix 

Yes 


1, Safety in manufactute. . . . 


3. Sh^of di«d>ki«e in gun 

4. Shock of impact (a), (6), 


Tested 

(6) " 
{c) " 

Yw 

Yea 
1.00 

Yes 

i 

Tested 


6. Relative stren^h in sheU. 

7. Stability (heat) test 


9. Non-action on metals 

10. Storage stability 



' See page 164, Safely and luaensitiveness. 
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The eeseotial ingredient of the explosive used ia all exploders, 
primers, or caps is fulminate of mercury. The explosive used 
may require some adjustment of the quantity of fulminate 
in order to obtiun an explosion of the proper order, or it may 
require some other ingredient to be mixed with the fulminate 
of mercury, such as chlorate or nitrate of potassium, sulphide 
of antimony, etc., but, as a rule, fulminate of mercury is 
present. 

The ingredients of cap and primer composition vary with 
the kind of exploave that is to be exploded. Dynamite, gun- 
cotton, picric acid, and progressive explosives each require a 
difTerent cap or primer composition. Especially is the nature 
of the imtial blow important in progressive explosives.. If the 
primer's flame be lacking in kind or amount some of the powder 
may not be burned in the gun; if it be excessive, it will be 
burned too soon and ^ve too great pressures. Much attention 
has been given to this question. Experiments have been con- 
ducted to determine the primers best adapted to different 
explosives — to ascert^n for each exploave the proper energy, 
heating effect, shape, aze, and duration of the Same of the cap 
composition. Photography has been introduced, and it has 
been found that the photographs of cap and primer flames are 
characteristic in each case. 
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There are fulminates of diver and gold, but they are too sen- 
ffltive to have any uses in mihtary explodves. 

Mercury fulminate ia formed by treating metaUic mercury 
with nitric acid and alcohol. 

The chemical reactions which take place are not fully agreed 
on among chemists. Bloxam gives the following explanation: 

When nitric acid acts on alcohol several products are 
obtained, among which are nitrous add and some hydro- 
cyanic add (HCN). The formation of the CN group in 
this reaction may be explained by the tendency of nit- 
rous acid to substitute N for H3 in organic compounds, 
and it might be expected that the action of nitrous acid 
on alcohol would be 

CH3.CH2.HO +2HNO3 -CN.CN.(H0)2 +3HaO. 

The group CN.CN.(H0)2 ia too unstable to exist separately. 
This is the hypothetical ftdminic add. If it be assumed to 
exist in the course of the reaction, its production in the presence 
of mercury would, under the usual laws governing chemical 
changes, exchange its hydrogen for mercury, in accordance 
with the following reaction: 

CN.CN.HO.HO +Hg =CN.CN.O.HgO+H2. 

The structural formula (following Bloxam) may be repre- 
sented as follows: 

H— 0-C-N 



H— 0— C-N 



According to Guttmann, Kikuli demonstrated, with a fair 
amount of accuracy, that fulminate of mercury should have the 
following rational formula: CCNOa)(CN)Hg. He bases his coa- 
clumons on the reactions of fulminate of mercury with chlorine, 
bromine, and hydrogen sulphide. This would suggest the 



D,g,tza:Jb.GOOg[e 



168 NOTES ON MiUTARY EXPLOSIVES. 

following Structural formulae for fulminic acid and mercury 
fulminate; 

H 

I /O 

Fulminic acid: N— C=C— N<(^ | (for N"') 

H 
Mercury fulminate: Hg-N— C=C— n/T 

The assumption of a fulminic acid is supported by the actual 
existence of a mono- and tri-hydroxide of CN. The mono, 
CNHO, cyanic add, a colorless liquid, specific gravity 1.4, and 
(CN)8(H0)3, cyanvric add, a crystalline solid, a tribaac acid, 
forming salts with metals, corresponding respectively to the 
structural formulas 

H— O— C-N, 

H— O-C-N 
H— 0— C— N 



:— O-C-N 



H- 

It is reasonable to assume that an intermediate hydroxide 
exists having two HO groups. Moreover, while the acid has not 
been separately produced salts, double, acid, and normal, 
corresponding to a biba^c acid have been produced, some of 
which are the following: 

O-C-N 
Mercury fulminate ; Hg<^ I I 



^ver fulminate : 



Ag— O— C-N 

Ag— O— C-N 
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^ver-ammoniuin fulminate : NB4 — — C— N 

Ag-O-C-N 

Silver-potaasium fulminate ; K — — C =■ N 

I I 

Ag— 0— C-N 

The manufacture of fuhnioate of mercury is conducted as 
follows: 

Mercury and nitric acid (specific gravity 1.3S) are mixed 
in a glass carboy in equal parts by weight. The mercury dia- 
Bolves in the nitric acid and, when completely dissolved, the 
contents are allowed to cool; it is well shaken to secure 
uniformity of product, and then this solution is emptied into a 
second carboy which contains 10 parts of ethyl alcohol. 

The second carboy is kept at a temperature above 60^ F., 
and is connected with a series of receivers which stand in a 
trough through which water circulates. The pipe from the last 
receiver leads into a condensing chimney or tower. 

After a few minutes the reaction begins in the second carboy, 
the liquid boils, and white vapors of nitric and acetic ether, 
aldehyde, carbonic add, hydrocyfuiic acid, and some volatile 
compounds of mercury rise and pass off through the series of 
conducting pipes and receivers to the condensing tower. As 
the action proceeds the color of the vapors change from white 
to the red fumes of nitric peroxide. 

In about fifteen minutes the crystals of fulminate of mer- 
cury separate from the solution in the second carboy in the 
form of small gray-colored needles. As soon as the reaction is 
completed the contents are allowed to cool, and are then 
poured out on a cloth filter stretched on a wooden form. These 
contents are then washed with pure water, until the washings 
show no trace of acid when tested with blue litmus. The filter 
is then placed in a drying atmosphere, out of the direct rays of 
the sun, and allowed to dry until the mass of fulminate 
contains only 10 to 15 per cent of water. The yield is 
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about 125 parts of fulminate of mercury to 100 parts of mer- 
cury. Theoretically there should be a yield of 142 parts per 
100 parts of mercury. Great care must be exercised that no 
particles of fulminate are scattered about; any suspicious par- 
ticles should be treated with sodium-sulphide Bolution. 

The principal product is usually made up in packages 
contiuning 120 gnuns. It is put up with about 15 per cent 
of water and hermetically sealed, to prevent evaporation, as 
it is much more sensitive to shock and friction in the dry 
state. 

When it is necessary to dry it for use in caps and detonators 
great care must be exercised. The temperature must be kept 
below 104° F., and tiie dry fulminate handled with the greatest 
care. 

Pure crystals of fulminate of mercury have a yellowish- 
white shade. The gray color of the commercial fulminate is 
due to smaU particles of unconverted mercury. The pure ful- 
minate is obtained by boiling in a large volume of distilled 
water, drawing off the hot liquid from which the pure fulminate 
crystallizes on cooling in the form of a yellowish-white, alky 
mass. This, examined under the microscope, appears as groups 
of crystals. The fine crystals are more desirable for use in 
detonators than the coarser ones. Mercury fulminate should 
not be kept in a stoppered bottle, especially not one having a 
glass stopper, as the friction of removing and inserting the 
stopper might detonate a particle of fulminate caught in the 
neck of the bottle and transmit the explosion to the whole mass. 
A moderate blow of a hammer causes it to explode with a bright 
flash and gray fumes of mercury. It is detonated if touched 
with a wire heated to 195° C, or by an electric spark, by con- 
tact with strong sulphuric or nitric acid, or sparks from metals 
or flint. Its specific gravity is 4.42. The volume of the gases 
evolved is 1340 times the volume of the solid fulminate at 
ordinary temperatures and pressures; this would be greatly 
increased by the temperature of the explosion. The explosive 
nature of the fulminate is due to the fact that the molecule 
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tontains an oxidizing group (HgOa) and a cyaat^n (com- 
bustible) group (CN2). 

Heated slowly it explodes at 305° F. (152= C); heated 
rapidly it explodes at 368° F. (187° C). 

The nature of the surfaces between which the fulminate is 
confined when struck has an effect on its explosion; between 
hard rigid surfaces, like iron or steel, the explosion is certain; 
between soft metal surfaces, hke lead, not bo certain; between 
wooden surfaces, doubtful. 

The slower the crystallization the larger the crystals, and 
the larger the crystals the more sensitive is the product. , 

When moistened with 5 to 30 per cent of water the sensi- 
tiveness is greatly reduced; if struck in this state by a hammer 
on iron, only that portion directly between the surfaces will 
explode. The explosion of a quantity of dry fulminate in 
contact with wet fulminate will explode the latter, even if 
immersed in water. 

Fulminate may be subjected to high pressure without explo- 
edoQ, i/ pure; if sand or grit be present, the slightest pressure 
may explode it. 

Fulminate of mercury is used very little, except in caps 
and primers. It often has mixed with it other substances, such 
as potasEdum chlorate, sulphide of antimony, powdered ^ass, 
ete., to modify the nature of the explosive blow, producing a 
prolonged action and a penetrating heat which enters deep into 
the mass of the exploave. The addition of oxidizing sub- 
6tances,like potasaum chlorate, serves to increase the beat, both 
because it is an endothermjc substance and because the oxygen 
it supphes serves to bum the CO of the products of combustion 
of mercury fulminate to CX)2, and thus still further increases tlie 
heat. Powdered ^ass is often added to increase the sensitive- 
ness to percussion. Sulphide of antimony also increases sensi- 
tiveness, and it combines with potassium chlorate, producing 
heat and prolon^ng the action of the fulminating mixtiu«. 

The heat of formation for one equivalent, that is, a weight 
proportional to the weight of a molecule of mercury fulminate. 
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(284 grams) is —62,900 cal. Its heat of combustioii in an inert 
atmosphere is +116,000 cals. for constant volume and 114,500 
cals. for constant pressure. This would raise the products of 
explosion to 4200° C. 

The explosive reaction is 

Hg02(CN)3 (exploded) -Hg+2C0 +N2. 

One gram of it should yield 235.S cubic centimetres of gas 
at 0° C. and barometer of 76 centimetres. One equivalent (284 
grams) should yield 66.7 litres of gas. 

It is to be noted, particularly, that the products of explo- 
sion are simple gases, except CO, and therefore (Association 
does not take place in a marked degree. 

The effect of mixing mercury fulminate with an oxidizer, 
as is done in some cap compo^tions, is noted in the following 
reaction : 

3Hg02(CN)3 +2KCIO3 (exploded) -3Hg +6C0a +2KC1 +3Nb. 

The heat evolved is +268,000 cals., almost twice that for 
pure fulminate, but the initial blow is greatly prolonged, due 
to dissociation and recombination of CO3 and KCl. 

With nitre the explosive reaction is as follows : 

5HgOs(CN)2 +4KNO3 =5Hg +8CX)2+7C3 +2KaN03, 

corresponding to +227,400 cals. 

Exploding in its own volume mercury fulminate gives a 
pressure of 28,750 kgm., as compared with 12,376 kgm. for 
nitroglycerine and 9825 kgm. for guncotton. 

The great value of mercury fulminate as an exploder is due 
to this enormous pressure, and to the fact of its suddenness, 
owing to the absence of dissociation; the pressure is, therefore, 
nearly that due to explosion in the volume of the original solid, 
which, relatively, is very small on account of the high specific 
gravity of mercury fulminate (4.42). The crushing effect on 



idbvGoOgle 



the molecules of &n explosive in contact with mercury fulminate 
is overpowering, and accorapUshes the disruption of the bonds 
holding the atoms in the molecules; the atoms, once thus 
released, enter into new combinations, according to their 
affinities under the new conditions. 

Caps and primers for progressive explosives require a more 
prolonged blow than that given by pure fulminate. It is, there- 
fore, the usual practice to mix nitre or potassium chlorate for 
this purpose. Munroe gives the following directions for making 
composition for percussion caps: 

100 parts of dry fulminate are rubbed to a powder with 
30 parts of distilled water, 50 to 60 parts of potassium nitrate, 
and 29 parts of sulphur. 

The rubbing is done on a marble slab, using a wooden spatula. 

This mixture is dried sufficiently to admit its granulation. 

It is then forced by pressure into copper caps and covered 
with a layer of varnish or of tinfoil, to protect it from damp- 
ness. The varnish used may be a solution of gum mastic in 
turpentine. 

The cape are finally dried by a gentle heat and packed in 
boxes. 

Primers for detonating exploaves, for purposes of demoli- 
tion or destruction, are made of pure fulminate of mercury. 
Such primers, as a rule, are electric, although there is one type 
made for use with time-fuses. 

The United States Navy electric primer, accordii^ to 
Munroe, consists of a copper case made in two parts. The 
lower part is a No. 36 metallic cwtridge-case. The upper part 
is a copper tube, open at both ends, which has been cut from 
a No. 38 metallic cartridge-case. A thread is pressed on each of 
these parts, so that the upper part or cap screws nicely on the 
lower part. The lower part is filled with fulminate of mercury 
up to the lowest thread of the screw. The top part is filled 
with a cement plug made of sulphur and glass, through which 
the lead-wires or primer legs pass to connect the bridge with 
the wires leading to the battery. When the fulminate is dry 
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the spaces in the lower case and the cap are filled with pul- 
verulent dry guncotton, and then the parte are screwed together. 
The lead-wires should be long enough to protect the ends of the 
main conductor wires from destruction by the explosion, say 6 
to 10 feet in length. 

The bridge is practically the same for all primers. It consists 
of a piece of platintim-iridium alloy, about one-quarter inch 
long and .001 to .003 inch in diameter. Its resistance should 
be (bridge and short leads), cold, 0.3 to 1 ohm; hot, 0.45 to 
2 ohms. Insulation resistance between conductor and case, 1 
megohm. Strength of current to fire, 0.3 to 0.8 ampere. Usu- 
ally a small wisp of dry guncotton is placed about the bri<^; 
next to this is placed fine gunpowder for filing progres^ve 
powder-charges, or mercury fulminate for high explosive charges. 
The bridge is soldered to the bared ends of the lead-wires. 

Commercial detonating-primers are made on the same gen- 
eral principle. A drawn copper tube, closed at one end, is used 
for the lower part of the primer. The upper tube contains a 
wooden plug sealed with sulphur, which carries the legs con- 
necting the bridge with the leading wires. 

A modification of these electric primers is made in which 
the wooden plug is omitted, leaving the mouth open for insert- 
ing a time-fuse train. In uang a time-fuse insert the end ao 
as to ionck the jvlmmate in the lower (u6e, then crimp upper 
tube tightly down on time-fuse with pincers or crimpers. 

The electric primer is the safest, simplest, cheapest, and 
most effective means of firing charges of high explosives; it Lb 
the only means used of firing separate charges simultaneously, 
or a single chai^ at a distant point, or at a required moment, 
or under water. 

Different grades of commercial primers or blasting-caps are 
known to the trade. They are specified as single, double, triple, 
quadruple, and quintuple, etc., forcccaps. The single force 
contains 3 grains of fulminate of mercury, and the other grades 
conttun each 3 grains more than the next lower grade. The 
primer composition consists, as a rule, of 76 parts of fulminate 
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of mercury and 25 parts of potassium chlorate pressed tightly 
into the lower tube; sometimes a little gum dissolved in alco- 
hol is added to make the mass more coherent. The function 
of potas^um chlorate, sulphur, nitrates, etc., in exploders has 
already been explained. 

Blasting-caps are tested by inserting the cap in a cork 
with the base of the cap flush with the end of the cork, placii^ 
the cap with base resting on a piece of wrought iron, No. 14 
A. W. G., supported on block under its four corners. An 
efficient cap should blow a clean hole through the iron. 

The standard army electrical primer for higji explosives 
consists of the following details: 

1. A wooden plug grooved longitudinally on opposite sides 
to receive the lead-wires, and cannelured around the middle. 

2. The lead-wires (of No. 18 A. W. G. copper wire, with 
braided and paraffined cotton insulation) are pressed into the 
grooves, half-way in one groove, then in the circumferential 
cut around half-way to the opposite groove, then lonptudinally 
to the end of the plug, each wire leaving the plug in the side 
oppoffltc to ttiat on which it entered. The inside ends of the 
wires are bared, scraped, cut to a length of about 0.1"', tinned 
and reaned, soldered to the fine wire bridge, and bent slightly 
toward each other. 

3. This plug is covered with a cylindrical cap with a stout 
shoulder at one end and having a small hole for the passage 
of the lead-wires. The cap fits the plug closely. The plug 
smeared with glue is forced into the cap until the end of the 
plug abuts firmly against the shoulder, leaving a chamber 
around the bridge to receive the priming. 

4. The priming-chamber filled with mercury fulminate (4 grs.) 
is closed by a paper disk held in position by a drop of collodion. 

5. The bridge is made of fine platinum wire (.0025" diameter, 
electrical resistance 3 ohms to the inch). This bridge will carry 
0.1 to 0.15 ampere without heating, and this current may be 
used for testing; for firing, a current of about 0.5 ampere should 
be used; the length of the bridge is A-inch. 
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6. The body of the primer is made of a second copper cyhn- 
der closed at one end. It contains 20 grs. of fuhninate of 
mercury, held in place by a paper disk secured by a drop of 
collodion. The body fita over the cap and is pushed up over 
it and crimped into the wood near the top. 

The completed primer is 1,4-inch long. As soon as finished 
t is dipped into melted Japan wax, which gives an even water- 
proof coating. 

The electrical resistance of the completed primer is between 
0.7 and 0.8 ohm. 
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SERVICE TESTS OF EXPLOSIVES. 
General Remarks on Tests. 

From what has gone before it will be understood that it is 
of great importance that all explosives made by the action of 
nitric acid should be free of all impurities, especially of free 
acids used in thor manufacture and of by-uitro-substances re- 
sulting from the action of nitric add on the raw material which 
may not itself have been absolutely pure. If any of these 
remain in a nitro-explosive it is liable to decompose in course 
of time, especially if it be exposed to temperatures above 90° F: 

All high explosives are, therefore, subjected to certain stan- 
dard tests with a view to determine their stability, and especially 
the probability that they will not decompose in storage. 

Heat of sufficient degree will decompose all nitro-compounds, 
and even when the heat is comparatively low it will decompose 
nitro-explosives if they be subjected to it for a long enough 
time, the time required to initiate decomposition being shorter 
as the temperature is higher. 

It is assumed that the time required to cause incipient 
decomposition of a nitro-explosive is a measure of its stability 
in storage. Experience has shown that if a nitro-explosive 
will withstand the action of a certain temperature for a certain 
time its stability in storage may be assumed. These tem- 
peratures and times have come to be accepted as standard tests. 

There are many different stability heat-tests which have 
been suggested by different experimenters (see Journal Ameri- 
can Chemical Society, March and June, 1903; and Journal 
U. S. Artillery, September-October, 1903), but only three will 
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be described. One known as the potassium-iodide-starch teat, 
another as the Utmus test, or 135° C. test, or German test; and 
the third as the U. S. Ordnance 115° C. powder-test. -The first 
is used with all nitro-exploaves, the 135° C. German test is 
used with nitroceDuiose explosives, the 116° C. U, S. Ordnance 
test is at present used only with nitrocelluloae powders. 

In the potassium-iodide test the length of time is noted 
that is required to discolor a email test starch-paper saturated 
with potassium iodide by the nitric oxide liberated from the 
explosive by heat. In the litmus test the time is DOted that 
is required to redden a litmus-test paper by fumes of NOa. 
In the Army 115° C. test the rate of loss of weight of the sample 
is noted. 

Before the heat-test is begun, preliminary tests for free 
acids should be made with blue litmus paper. The explosive 
in pulverulent state is placed in a test-tube (about 25 c.c), 
the tube is then half filled with distilled water, closed with cork 
and shaken well; the liquid is allowed to settle; the super- 
natant liquid is decanted and tested with blue litmus or methyl- 



Nitrocellulose manufactured for use in making smokeless 
powder must also be examined for the presence of free alkali 
in the same way, using phenolphthalein as the color indicator, 
and' all nitrocelluloses are tested for the presence of mercury 
chloride in small quantity. 

J^rparatus Required for the Potassium-iodide-starch Test. 

The apparatus required for making the potassium-iodide- 
starch test consists of a glass or copper globe or cylinder water- 
bath about 8 inches in diameter, with an aperture of about 
5 inches; the bath is filled with water to within a quarter of 
an inch of the top edge. The aperture is closed by a loose 
cover of sheet copper about 6 inches in diameter. The globe 
rests on an ordinary iron tripod, so that the bottom of the globe 
is about 10 inches above the plane of the feet of the tripod. 
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A Berzeliua alcohol-lamp ia placed under the globe. The cover 
has four to eleven holes: one in the center for a thermometer 
fitted into a rubber stopper; five to ten at equal distances 
around the circumference to receive test-tubes, each contuning a 
sample of the explosive to be tested. The test-tubes after being 
carefully cleaned and dried are closed by clean corks, each carry- 
ing, through a hole bored in, it a glass rod with platinum-wire 
hook on the lower end; this hook during the test supports the 
potassium-iodide-starch test-paper. The test-tube corks are 
discarded after one test. The test-papers should be obtained 
from a standard source, as the value of the test depends chiefly 
on the uniformity and proper degree of sensitiveness of the test- 
papers. In case of emergency the potassium-iodide-starch test- 
paper may be made as follows : 

Forty-five gruns of white maize starch (com flour), 
previously washed with cold water, are added to 8} 
ounces of distilled water, the mixture is stirred, and 
boiled for 10 minutes. 

Fifteen grains of pure potassium iodide (crystallized 
from alcohol) are dissolved in 8} ounces of distilled 
water. 

Th^ two solutions are thoroughly mixed and allowed 
to cool. 

Strips or sheets of white filter-paper, previously 
washed with water and redried, are dipped into the solu- 
tion and allowed to remain in it for at least 10 seconds; 
they are then allowed to draifl and dry in a place free 
from laboratory fumes and dust. 

The upper and lower margins of the strips are cut off. 

The paper is preserved in well-stoppered bottles aruf 
in the dark. 

Freshly made and suitable paper should give no discolora- 
tion if touched with a glass rod holding a drop of acetic acid. 
When a brownish or bluish spot appears from acetic acid so 
-applied the paper should be rejected. Often an exposure of 
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one hour to bright light will destroy a set of test-papers. Papers 
over a month old are apt to be untrustworthy. 



(a) Dynamite, Nitroglycerine, and EzplosiTe Gelatin, 

Dynamite. — If dynamite is to be tested the nitroglycerine 
ihust be extracted from the base. To accomplish this, advantage 
is taken of the fact that water will displace nitroglycerine from 
such mechanical mixtures as kieselguhr dynamite. The further 
test then becomes one mmply of the nitroglycerine. 

To Extract Niiroglyeerine from Kieselguhr Dynamite. 

A funnel, about 2 inches across, is arranged so as to filter 
into a small beaker. About 300 to 600 gr^ns of dynamite 
finely divided are placed in the funnel, which has previously 
been loosely plugged by some asbestos wool. The latter should 
have been recently heated to white heat and allowed to cool. 

The surface of the dynamite is smoothed off carefully by 
means of a Sat-headed glass rod or stopper and some clean, 
washed and dried kieselguhr is spread over it to the depth of' 
about one-eighth of an inch. This top layer of kieselguhr 
is then carefully and evenly saturated with distilled water by 
a fine jet from a water bottle. As soon as the first water has 
been absorbed into the mass of dynamite more is added. This 
is continued. The displaced nitroglycerine will, after some time, 
begin to drop into the measure below the funnel. The opera- 
tion is discontinued when enough nitroglycerine has been 
collected to allow 50 grains for each test tube. 

The Potassium-iodide-starch Heat-test. 

Nitroglycerine. — The water-bath of the potassium-iodide- 
starch testing-apparatus is brought to 160° F. (71° C.) and 
maintained at that temperature, being regulated by the ther- 
mometer which should be immersed about 2J inches in the 
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water. The source of heat should be carefully watched, and at 
no time should the temperature of the bath rise or fall more than 
1* F. from 160" F. Fifty grains of nitroglycerine are placed in 
each test-tube and carefully weighed, being careful not to get 
any on the sides of the test-tube; this may be done by using 
a suitable dropper or glass tube. 

A piece of test-paper is taken with the pincers and laid 
down on a piece of clean filter-paper. The test-paper is held 
in place by the end of a glass rod which has been thoroughly 
cleaned, heated, and cooled. A small bole is made in the testr 
paper with the point of the pincers opposite the middle of one 
end of the paper and about 0.2 inch from the edge. The test- 
paper is taken up with the pincers, the platinum hook inserted 
through the hole just made, the hook bent with the pincers 
until the throat of the hook is closed tightly on the paper, so 
that it will stand stiffly up when the paper is held vertically 
above the glass rod. The glass rod with test-paper is placed 
carefully aside imder a bell glass or other protecting cover, 
where it will be protected from fumes and dust. In the same 
way the other test-papers are prepared, 

A solution of pure glycerine and distilled water, in the pro- 
porUon of 1 to 1, is prepared. 

One of the test-papers is taken, held with the paper up, and 
a drop of the glycerine solution isplaced on each of the lower 
comers of the test-paper, as held ; the paper should absorb this 
evenly about half-way to the opposite upper edge, as held, 
leaving a distinct line about midway between the moistened 
and the unmoistened parts. One of the test tubes is placed 
in the bath through one of the apertures in the cover and is 
immersed until the sample is below the surface of the water. 
The test-paper moistened with glycerine is placed in thetest- 
tube, and the glass rod is moved through the cork until the 
line between the moistened and unmoistened parte of the 
test-paper is about five-eighths of an inch above the upper 
surface of the cover. This time is recorded. The same is 
done with each of the other two test-papers. The line between 
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the moistened and unmoistened parts of each test-paper is 
watched carefully, and the exact instant that a jaiiU brown 
cdor ' appears on this line of demarkation on each test-paper 
is recorded. This completes the test. 

The nitroglycerine under examination will not be considered 
"thoroughly purified" unless the time elapsed between ihe 
insertion of the test-paper and the appearance of the brown 
color is at least fifteen minutes. The average of the records of all 
the tubes will be taken. 

Explosive Gelalin. — If explosive gelatin is under examination 
a sample of 50 grains is intimately incorporated with 100 grains 
of French chalk, using a wooden pestle in a wooden mortar. 
The French chalk should be of good commercial quality; it 
should be thoroughly washed with distilled water, dried in a 
water-oven, and then exposed to moist air under a bell jar until 
it has taken up about 0.5 per cent of moisture. It should then 
be placed in a glass-stoppered jar for use. 

Each test-tube is filled with this mixture to a depth of IJ 
inches, the tube being gently tapped on a table to insure a 
proper degree of settling. 

The heat-test is then conducted as explained for nitroglycer- 
ine. Explosive gelatin will not be considered as serviceable 
unless the average time of the test is at least ten minutes. 

Exploave gelatin is subjected also to a liquefaction and 
exudation test as follows: ' 

lAgvefadwn Test of Explosive Gelalin. 

A cylinder is cut from the cartridge having its height equal 
to its diameter, care being taken to have the ends cut flat and 
true. 

This cylinder is placed on a piece of filter-paper on a smooth, 
clean board, and secured to the board by an ordinary pin forced 
through it along its axis into the board. 

' In order to detect this color promptly, the nater-bath should be ao 
placed that & bright reflected light shall fall on the papers. 
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It is exposed in this condition for 144 consecutive hours to 
a temperature ranging from 85° to 90° F. 

The original height of the cylinder should not decrease 
more than one-fourth, and the upper cut surface should ret^o 
ite flatness and sharpness of edge. 

Exudation Test of Explosive Gelatin. 

There should be no separation of nitroglycerine in the lique- 
faction test or under any conditions of storage, transport, or 
use, or when the explosive is subjected three times in succession 
to alternate freezing and thawing. 

(b) Guncotton. 

Loose-fber Guncotton. — The material is dried at a tempera- 
tiue not greater than 40° C. to constant weight; then exposed 
on trays to the air in a room free from fumes, until from 1 
to 2 per cent of moisture has been absorbed. It is then 
gently rubbed through a ten-mesh sieve to insure uniformity 
of division, bdng careful that it does not come in contact with 
the hands or any piece of apparatus not perfectly free from 
any trace of acid or alkali. 1.3 grams are weighed out and 
placed in a test-tube 5i to 6 inches long and not less than J inch 
internal diameter. 

The potassium-iodide-starch test is conducted a? explained 
for nitroglycerine, except that the water-bath b heated to 
150° F. (65.5° C). The test--papers, prepared as already ex- 
plained, are inserted in the test-tubes,' and the papers adjusted 
in the tubes so that the line dividing the dry and moist por- 
tions of the tesl^-paper is on a level vrith the lower edge of the fUm 
of moisture which is deposited on the side of the tube soon after 
inserting it in the bath. 

' The staDdard nater-batb for aitro cellulose holds tec tubes; it ia long 
and narrow to prevent beating the upper part of tbe tubes as much as 
possible. Tubes are immersed 2) inches m the bath. 
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Nitrocellulose intended for the manufacture of smokeless 
ponde* must not show a brown color in less than 40 minutes 
(Army>, (Navy, 30 miaut«s) at 150^ F. (65.5° C). 

Blocks or Disks. — GuncottoD for demolition purposes is 
issued in the form of compressed pulp, in disks or blocks. This 
form of guncotton is prepared for the heat-teat as follows: 

Sufficient materiid to serve for two or more teste is removed 
from the center of a block or disk by scraping, and reduced 
to a fine powder by rubbing between pieces of clean, dry filter- 
paper. This is spread out in a thin layer upon a paper tray 
about 6 by 4J inches, which is then placed inside a water- 
" oven, kept as nearly as possible* at 120° F. for 15 minutes, 
the door of the oven being left wide open. The tray is then 
removed and exposed to the wr of the room for two hours; 
during this time the material is rubbed on the paper tray with 
a clean glass rod and reduced to a fine and uniform state of 
division. 

The temperature of the wat«r-bath is the same as for fiber 
guncotton (150° F.). 

There should be no brown color within 10 minutes. 

Poacher Sample. — In case the sample is taken during the 
manufacture of nitrocellulose, it is taken after the poaching and 
after having been thoroughly washed in pure, cold water. The 
sample is pressed dry in a hand-press and rubbed in a clean 
cloth until finely divided, being careful not to let it come in 
contact with the hands. 



(c) Smokeless Powder. 

The sample should be prepared by cutting into slices 0.02 
inch thick. These shces are exposed to the wr for at least 
12 hours. 

The test-tube sample consists of 1.3 grams. 

The usual potassium-iodide test is followed, except that 
the temperature is conaderably higher for ^mple nitrocellulose 
powdera, being 100^ C. (212° F.) instead of 65.5° C. (150° F.). 
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Each sample must stand this temperature without showing a 
brown line for 10 minutes. 

Powders contwniog mtrogJyceiine 'should stand the test at 
65.5° C. for 20 minutes. 

The British Government specifications prescribe the follow- 
ing times and temperatures for the potassium-iodide test: 

1. Nitroglycerine 15 minutes at 160° F. (71° C). 

2. Dynamite 15 " " 160° F. (71° C). 

3. Explosive gelatin 10 " " 160° F. (71° C). 

4. Smokeless ■ powders with 

nitroglycerine 15 " " 180° F. {82° C). 

5. Guncotton 10 " "170° F. (76.6° C). 

6. CoUoided pyrocellulose. . . 15 " " 180° F. (82° C). 

The German 135" C. Test. 

Two and five-tenths grams of the sample to be tested are 
dried at the ordinary temperature of the laboratory for 12 hours 
and placed in a strong test-tube. A piece of blue litmus is 
placed in the tube about a half-inch above the sample, the 
paper being folded lightly so as to give the folds sufficient elastic 
power to hold the paper in place by pressure against the sides 
of the tube. The tube is lightly closed by a cork with a hole 
0.15 of an inch in diameter bored through it,' and so placed in 
a bath of boiling xylol (the boiling-point of which is 135°) 
that only 6 or 7 mm. project above the surface. 

Examination of each tube is made each five minutes after 
twenty minutes have elapsed. In making this examination the 
tube should be withdrawn only half its length and quickly re- 
placed. 

Two tubes are used in each test, and there must be no failure 
in either tube. 

Three observations are made : (1) Time of complete redden- 
ing of the Utmus-paper; (2) time of appearance of brown nitric- 
oxide fumes; (3) time at which the sample exploded. 
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Stable explosives should give the following times: 



UncoUoided nitrocellulose. , 
Pure nitrocelluloae powder. 
Nitroglycerine powders, . .. 



Shn. 

Shra. 



For the results to have value they should be compared 
with that of a known stable explosive of the same kind, under 
the same test by the same operator, using the same test- 
paper. 

UncoUoided nitrocellulose should be well shaken down in the 
tube by tapping, or Ughtly pressed down. 

The U. S. Army Ordnance ilS° C. Test. 
(For nitrooelluloae powders.) 

Whole pieces of powder are carefully weighed on watch- 
glasses and then heated in an air-bath kept at 115" C. + or - i** 
for 8 hours. The sample is then removed, aUowed to cool in 
a deaccator, and reweighed. This is repeated six times on 
six separate days. At the end of this time the total loss of 
weight should not exceed 8 per cent, if the powder is stable 
enough for military purposes. 

The ur-bath may be muntained at 115° by filling the walls 
of the oven with a properly proportioned mixture of xylol and 
toluol. A reflux condenser prevents loss of the liquid by 
evaporation. 

The temperature, 115° C, is the one that most clearly 
differentiates the decomposition of good powders from bad 
ones in a reasonable time limit. . If a lower temperature is 
used, it requires too long a time to establish trustworthy data; 
if a higher temperature is used, the curves plotted to show the 
rate of loss of weight of good powders are not so clearly sepa- 
rated from those plotted to show the same for bad powders. 
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The following advantages are claimed for this test: 

1. The powder is tested m its natural condition; the ' 
same in which it is stored or used. 

2. It shows aU products of decomposition; others 
show only add or nitrogen losses by decomposition. 

3. It shows the decomposition of other nitro-com- 
pounds than nitrocellulose which are often present in 
powders, and shows the effect of these on the decom- 
position of the powder. 

4. It shows the effect on the stability of powder of 
added substances, placed there to mask stability tests; 
the effect of volatiles which may set up local decom- 
position; traces of nitric acid; decomposition of the 
nitrocellulose due to saponification by water, alkaUes, 
carbonates, etc. 

5. It shows quantitatively the progress of all decom- 
positions. 

6. It is a simple test, and requires only simple appa- 
ratus to make it. 

The following are the latest specifications (July, 1906) pro- 
posed for powders for cannon, and for nitrocellulose for powders 
or other purposes used in the United States service. 

Ballistic Test. 

(o) For Powder Passing the Physical Test. — Determine the 
charge to give a pressure approximately 10 per cent greater 
than the service pressure corresponding to the service velocity 
for the caliber as given in the table on pp. 188, 189. 

Fire at least three rounds with this charge; if the varia- 
tion in the muzzle-velocity exceeds ± 1 per cent of the mean 
velodty of all of the shots considered, or the variation in pres- 
sure exceeds ±5 per cent of the mean pressure for the same 
shots, three charges of identical weight will be fired to give 
approxunately the service velocity and pressure. If the varia- 
tion frqm the mean velocity and pressure for these rounds 
exceeds that stated above the powder will not be accepted. 
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When the measured velocities and pressures for uniform con- 
ditions of loading are plotted to scale, as a function of the 
charge, the resulting curves must be reasonably smooth. 

(6) For Powder Failing in the Physical Test. — Determine the 
chai^ to pve a pressure approximately 15 per cent greater 
than the service pressure for the caliber in the table. 

Fire at least four rounds with this charge; if the variation 
in the muzzle- velocity exceeds ±1 per cent of the mean velocity 
of all of the shots considered, or the variation in the pressure 
exceeds ±5 per cent of the mean pressure of the same shots, 
three charges of identical weight will be fired to give approxi- 
mately the service velocity and pressure. If the variation from 
the mean velocity and pressure for these rounds exceeds the 
variations stated above the powder will not be accepted. 

(c) For calibers less than that of the 15-pounder, the above- 
mentioned allowed variations will be increased 25 per cent. 

(d) The result must show that the powder will give the 
prescribed velocity within the maximum pressure stated in the 
table. The powder charges giving the above velocities will be 
approximately those stated in the table. 

(e) In the tests under (a), (6), and (c) the curve of pressures, 
plotted to scale as a function of varying charges, must indicate 
no critical point in the pressure curve, as evidenced by erratic 
and abnommJ pressures. 



MANUFACTOHB, INSPECTION, AND TEST. 

1. Raw Materials. 

The powder must be an ether-alcohol colloid of nitrocellu- 
lose made from bleached cotton cellulose obtained by bleaching 
unspun cotton-waste and thoroughly washing to remove the 
bleaching materials and lime salts, containing not more than 0.7 
per cent extractive matter and not more than 1.25 per cent of 
ash. It must be of uniform character, clean and free from 
such lumps as will interfere with thorough and uniform nitra- 



D,g,tza:Jb.GOOg[e 



SERVICE TESTS OF EXPLOSIVES. I9* 

tion. It should contain only a trace of lime salts from the 
bleaching and no hypochlorites. 

Acids. — A mixture of sulphuric and nitric acids containing 
no metallic salts other than salts of iron and only a trace of 
chlorine compounds. 

Ether. — Ethyl ether cont^ning no impurities except small 
quantities of water and ethyl alcohol, to be clear and coloriess 
with characteristic pure odor. It should have less than 0.006 
per cent of acidity calculated as acetic acid, a specific gravity of 
0.717 to 0.723 at 20° C, and less than 0.002 per cent residue 
after evaporation and drying at 100* C. 

Alcohol. — Ethyl alcohol of 92.3 per cent, absolute, by weight, 
clear and colorless, having the characteristic pure odor, having, 
less than 0.006 per cent residue after evaporation and drying at 
100" C. It should have less than 0.006 per cent of acidity 
calculated as acetic acid. It should be subjected to the alver- 
nitrate test, as follows: 3 gm. silver nitrate, 3 gm. sodium 
hydroxide, 20 gm. ammonium hydroxide, made up to 100 o.c. 
Ten c.c. of the sample diluted with 10 c.c. of water are placed 
in a tight bottle, to which is added 1 c.c. of alver nitrate. 
Allow this to stand 1 hour in the dark and examine for unre- 
duced silver salts m clear solution after filtering. If such are 
found, the alcohol contains less than the allowable amount of 
aldehyde. 

Graphite. — If graphite is used on the surface of the grains, 
it should be dry, ground very fine, and contun not more than 
a trace of silicates or compounds of sulphur, and should be free 
from sulphur and acids. 

Carbonate of Sodium. — Should be the best quality of refined 
carbonate of sodium, free from sulphides. It should con- 
tain at least 96 per cent of pure NaCXla, calculated on a dry 
sample. 

No substances not mentioned in these specifications may 
be introduced at any stage of the manufacture. 
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2. Nitrocellulose. 

In order to properly purify the nitrocellulose, it shall be 
treated for at least the times specified and in the following 
manner : 

(a) Steaming or Boiling. — Before pulping the nitrocellulose 
shall be placed in a vat and thoroughly saturated with water. 
The excess of water shall then be drawn off, and steam, at a 
pressure not exceeding 5 pounds, shall be introduced so that 
it will permeate the whole mass of nitrocellulose. Should the 
manufacturer so desire, the nitrocellulose may be boiled instead 
of steamed, as heretofore prescribed. The steaming or boiling 
shall be continued until methyl-orange and phenolphthalein 
show the nitrocellulose to be free from acid and alkali. 

(6) Pulping. — When the steaming or boiling is completed 
the nitrocellulose shall then be pulped in fresh water, in which 
may be added just enough sodium carbonate solution to pre- 
serve a slight alkaline reaction to phenolphthalein in solution. 
During the pulping the water shall be changed as often as may 
be necessary to remove all impurities. The process to continue 
until the material is thoroughly and evenly pulped to a satis- 
factory degree of fineness, without lumps, and shows a clean 
break when a handful of it is squeezed and broken in two parts. 

(c) Poaching. — After pulping, the nitrocellulose shall be run 
to the poacher, settled, and the supernatant water decanted. 
The pulped nitrocellulose shall then be boiled for 6 hours in 
fresh water, and during this time a total of not more than 7 
gallons of sodium carbonate solution {one pound of sodium car- 
bonate to each gallon of water) may be added to each 2000 
pounds of nitrocellulose (dry weight). 

During this boiling and during all subsequent boiling in the 
poacher the pulp shall be thoroughly agitated by mechanical 
stirrers. 

After each boiling the pulp will be allowed to settle, the 
clear upper water will be drawn off and replaced by clear, fresh 
water. 
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After the first 6-hour boiling there shall be five other separate 
boiliDgs, as follows: one for 2 hours and four for 1 hour each, 
making a total of 12 hours boilii^ and 5 changes of water. 

No sodium carbonate shall be used in any boiling, except the 
first. 

(d) WashxTig. — After the six separate boilings just described, 
the pulped nitrocellulose shall be subjected to t«n separate 
washings in cold water, each wasMng to consist of agitation by 
mechanical stirrers for one-half hoiu- in a sufficient amount of 
fresh water, allowing the pulp then to settle, and decanting the 
clear supernatant water. At least 40 per cent of the total contents 
■of the poacher shall be drawn o£E after each washing and replaced 
by clean fresh water for the next washing. During the last 
washing in cold water, while the pulp is in thorough agitation, 
a sample will be taken for the stability and nitrogen-content 
tests. Should the sample fall below the requirements in the 
heat-tests, the poacher lot must be boiled again for five hours 
with two changes of water, without the use of sodium carbonate 
or other alkaUne substance, and thereafter it must be given ten 
separate washings in cold water, as described for the regular 
treatment, 

(e) Dehydrating. — After being properly purified the nitro- 
cellulose must be dehydrated by alcohol. During this operation 
the weight of alcohol used must be at least equal to the dry 
weight of the nitrocellulose. 

No alcohol which has been used in this operation shall be 
again used for this purpose, or as a solvent, until it has been 
rectified up to the requirements given above for alcohol. 

(/) Colloiding. — In coUoiding, the blocks of dehydrated nitro- 
cellulose shall be broken up and the necessary amount of stand- 
ard ether added. This amount is determined by climatic con- 
ditions, number of operations after colloiding, and the caliber 
of the gun for which the powder is intended. The amount of 
ether must not be less than 64 per cent of the solvent used in 
colloiding. The colloiding should be continued until the ether 
is unifomdy distributed throughout the mass, the material is 
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free from lumps, and the whole constitutes a smooth, even 
colloid. 

The coUoided material shall be strained for the removal of 
lumps before going to the die-press. 

ig) Test-samples. — The test-samples of nitrocellulose shall 
be selected as follows : 

The nitrocellulose contwned in the vessel in which the final 
purifying is done shall be regarded as the unit. A 4-ounce 
sample will be taken from each unit and kept separate from 
other nitrocelluloscs. When a sufficient number of these unit- 
samples have accumulated to represent about 10,000 pounds of 
nitrocellulose, equal portions of each unit-sample sufficient to 
aggregate 8 ounces will be talten and thoroughly blended. This 
blend shall be marked "Blend No, — , 190—," with date when 
colloided and date of contract. This sample, after being sub- 
mitted to the inspector for record, will be shipped to the Proving 
Ground, for test. The original unit-samples must be retained 
until report on the analysis of the blend has been received. 

The inspector may also at any time require, in addition 
to the samples referred to above, 4-ounce samples of nitro- 
cellulose to be taken from the vessels in which the final purifying 
is done, and properly labelled for shipment for test. Nitro- 
cellulose represented by any of these 4-ounce samples, failing to- 
pass the stability- or heat-test, will be again subjected to the 
boiling and washing prescribed herein after pulping, after which 
a second sample will be submitted. Nitrocellulose represented 
by such samples which fails to pass the required tests will not 
be colloided. 

(k) Graining and Drying. — The colloid will be passed through 
dies with such uniformity as will produce the standard grain 
required. The area of the screen holes of the die must i>e at least 
IJ times the area of the cross-section of the die. After graining, 
the powder will be dried at a temperature not exceeding 
110" F., until the amount of solvent b within that allowed 
for new powders, as determined by standard curves for 
volatiles. 
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Stability- or Heai-tesfa.— Each sample will be subjected to 
each of the three heat-tests: the potasaium-iodide-starch, the 
German 135" C., and the Ordnance 115° C. tests. 

Finished Nitrocellvlose. — The nitrocellulose in finished pow- 
der should contain 12.60 per cent of nitrogen ±0.1 per cent, 
with the understanding that this may be obtained by blend- 
ing nitrocelluloses with a nitration between 12.45 and 12.75 
per cent of nitrogen. But each of these should be tested 
separately and should satisfy the conditions prescribed for 
stability and solubility of nitrocellulose. It should have a solu- 
bility of 95 per cent at 15.5" C. in two parts of ether to one part 
of alcohol by volume; it should contain less than 0.4 per cent 
of organic material insoluble in acetone ; after ^nition it should 
leave less than 0.6 per cent of ash; it should ^ve a heat-test 
with potasstum-iodide-starch paper of at least 35 minutes; It 
should ^ve a German 135° C. test of at least 30 minutes; it 
should contain no alkali, mercuric chloride, or other substance 
which will mark the heat-test in any way; it should be uni- 
formly colloided, free from lumps, strings, or material of 
such consistency as to affect proper coUoiding in the colloid 
mixer. 

Moisture and Volatile Matter. — A one-gram sample of nitro- 
cellulose is dissolved in about 150 c.c. of ether-alcohol mixture, 
and 20 c.c. to 30 c.c. of distilled water added, precipitating the 
nitrocellulose. The liquid is evaporated leaving the precipitate, 
the latter is dried and weighed. The total weight of sample 
(one gram) less the weight of precipitate gives the weight of 
volatiles. 

Soluble NitroceUulase. — It must be not less than 95 per 
cent soluble. One gram of the finely divided dry sample is 
treated in a covered beaker or other suitable vessel, with 350 
c.c. of a mixture of pure ethyl alcohol and pure ethyl ether, 
the specific gravity of the mixture to be from 0.748 to 0.750 
at 20° C, with frequent stirring. The vessel is kept covered 
to prevent loss by evaporation. The residue is flowed to 
settle and the supernatant liquid siphoned off. 
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The extraction with ether-alcohol soluttoD is repeated twice; 
the insoluble residue is poured into a tared Gooch crucible 
having a thin asbestos filter, and well washed with ether-alcohol. 
The residue is then partially dried at 80° C, and the dryii^ 
completed by exposure to a temperature of 100° C, till the 
weight is constant. The per cent 6f insoluble matter subtracted 
from 100 gives per cent of soluble nitrocellulose, which must 
be at least 95 per cent. (If "soluble nitrocellulose" ia to be 
determined in a nitrocellulose containing considerably less thau 
95 per cent the determination ia made on J gram or less.) 

Insolid)le NUrocellvlose. — The insoluble nitrocellulose is de- 
termined by soaking one gram of the dry sample in 125 c.c. of 
alcohol overnight in a covered beaker. In the morning 250 
c.c. of ether is added. The sample is frequently stirred in the 
liquid during several hours. The residue is then allowed to 
settle and the supernatant liquid siphoned off. The insoluble 
readue is poured into a tared Gooch crucible containing a thin 
layer of asbestos. It is thoroughly washed with ether alcohol, 
dried at 100° C, and weighed. The increase of weight repre- 
sents the insoluble oi^nic matter and insoluble nitro- 
cellulose. The total amount of insolubles must not exceed 5 
per cent. 

When the amount of insoluble nitrocellulose and organic 
readue are very small, comparative volumetric readings may 
be made in long tubes, allowing the insoluble material to settle 
after the regular treatment for solution. The lower portions of 
the tubes should not be greater than J inch in diameter, they 
should be cyhndrical 'to. shape and graduated by direct weighing 
of residue. 

Ash. — It must not contain more than 1 per cent of ash. 
One gram of dry sample is weighed into a platinum crucible, 
moistened with 2 or 3 c.c. of pure concentrated nitric acid, antl 
cautiously evaporated to dryness on a water-bath. The residue 
is incinerated at full red heat, cooled, and weighed. 

Alkalies. — If not more than 1.0 c.c. of decinormal acid 
be neutralized, the nitrocellulose will be considered free from 
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added alkalies. Weigh out 5 grams of nitrocellulose, add 200 
c.c. of distilled water, digest at a gentle heat, with frequent 
stirring for thirty minutes, and boil for about ten minutes. 
Add a few drops of phenolphthalein solution; a pink colora- 
tion indicates the presence of water-soluble alkali. Add 10 c.c. 
of decinormal acid and boil for ten minutes. Filter and wash 
well with distilled water, then titrate with decinormal alkali. 

N 
The difference between the number of c.c. of rr acid added 

N 

and the number of c.c. of — alkah reqiaired to restore neutral- 
ity represents the alkaUes (plus other substances capable of 
neutralizing acid] present. In addition to alkalies present, 
this may represent iron oxide, alumina, lime, magnesia, etc., 
present in the water used, or otherwise accidentally introduced 
as impurities during the process of manufacture. 

The presence of soluble alkali would be clearly indicated. 
If a small quantity of insoluble alkali is indicated by the neu- 
tralization of any acid, this may be due to impurities introduced 
in the wash-water or in the manufacture. 

Nitrogen. — It must contain 12.65±0.05' per cent of 
nitrogen. A sample dried for one and one-half hours at 
100° C. will be tested in a standard nitrometer by the usual 
methods. 

The per-cent content of nitrogen is determined by analysis of a 
one gram sample of nitrocellulose, dried 1 .5 hours at 95° to lOCC, 
or in a vacilum dryer after thorough air-drying. The • 
sample is washed into a Du Pont nitrometer by 20 c.c. of 
sulphuric acid. The per cent of nitrogen is read by 
comparison of gas given off with a standard volume. The 
nitrometer is standardized by preparation of a calculated 
standard volume of dry air at 760 mm. pressure at 20° C. in 
a comparison tube. 

' Recently it has been proposed that the nitrogeQ ooDtent in any single 
sample shall be between 12.55 percent and 12.75 per cent, and in the finished 
blended powder between 12.60 per cent and 12.70 per cent. 
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The utmost cleanliness will be observed in the manufacture. 
Machinery, tools, and appliances will be kept in condition 
Decessary to prevent the incorporation of a&y impurities in the 
materials used in the manufacture. 



3. Finished Powder. 

(a) Powder for calibers down to and including 3 inches 
shall be dried until the residual solvent is not less than 3 nor 
greater than 5 per cent. At no time shall the temperature of 
the dry-house be allowed to exceed 109" F. This shall be 
determined by maximum thermometers which shall be placed in 
each dry-house at or near the point where the heated air is 
deUvered into the dry-house. There must be one such thei^ 
mometer at each of these points of delivery. Readings of 
these thermometers must be made at intervals of not less than 
eight hours; the maximum reading for this period must be 
recorded in a book kept for that purpose. 

(&) It must be a uniform ether-alcohol colloid of standard 
quality, free from lumps, strings, uncolloided material, cracks, 
^r-cavities, and blisters. 

(c) The form of the grain shall be cylindrical; each grain 
shall have seven perforations parallel to the axis of the grain, 
one of these being through the center, the other six at the ver- 
tices of a hexagon, so placed as to make the outer and inner 
' web thicknesses equal within the limits prescribed in the accom- 
panying table. The grains must be free from dust, smooth, 
and of standard toughness. They shall be smoothly cut at the 
ends; all excessively long grains, slivers, butt ends, cracked, 
distorted, spotted, and imperfect grains must be carefully 
removed. 

To obtain uniformity in ballistic results, the dimensions 
of the grains should be as uniform as possible, and 
the perforations should be symmetrically placed in the 
grcuns. In 20 grains selected at random and measured the 
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maximum and mean variations should not exceed thoee noted 
below: 





M^u«V»™^p.r^t 


u^y^^^^. 




PwniiltwL 


DMind. 




Dailnd. 




6.0 
4.0 
28.0 


3.0 
2.0 
10,0 


2.6 
1.6 
10.0 

















Zi— length of grain. 
D — outside diameter of grain. 
<j — di&meter of perfoiKtions. 
D should be about 10 times d, aad L should be about 2J!S times i>. 

Six measurements of the outedde web thicknesses and of the 
inside web thicknesses will be made from the six outaide holes 
for each of the 20 grains, and the 120 measurements averaged 
to obtain mean out^de and inside web dimensions. The differ- 
ence between these should not exceed 0.01 inch. For these 
measurements the grmn should be faced true, and the 
burrs removed from the edges of the perforations by carefully 
inserting a wire from the end opposite the burr. 

The dimensions of the powder grains will be deter- 
mined when necessary by firing samples made up for that 
purpose. 

(d) Powder for the 6-pounder and smaller caliber guns will 
be dehvered graphited, the surface .of the grains being covered 
with dry, finely ground graphite. 

Graphite for this purpose must not contain more than a 
trace of silicates or compounds of sulphur, and must be free 
of sulphur and acids. 

A sample of the graphite to be used will be takeu as often 
as, in the opinion of the inspector, is necessary to insure com- 
pliance with these specifications and shipped for test. 

Taking Samples. — After a lot of powder is blended and 
packed, ten samples are selected by the inspector from different 
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boxes. For large caliber powders (above 5 inchee) each sample 
should fill a 16-ounce glass-stoppered bottle; for small caliber 
powders, an 8-ounce bottle. 

In testing a blend is made of equal portions of all ten samples, 
and this blended sample is used in making all the tests required 
except the heat-test. For this latter, each sample is subjected 
to each of the standard tests. 

For ballistic tests an additional sample is taken adequate 
to the purpose. 

Stabiliiy Tests. — All powders are subjected to the standard 
heat-tests for stabibty. 

Moisture and VoUUiJe Matter, Soluble Nitrocellyhse, and /n- 
solvble NiiroceUyhse. — The sample is prepared by cutting it into 
slices 0.02 inch or less in thickness (best done on a lathe or 
scraped with sharp edge of broken glass) . A one-gram sample 
is dissolved in ether-alcohol, the insolubles precipitated by 
water, and the total volatiles determined as explained for 
nitrocellulose. 

j4sA.— This is determined by decomposition with nitric acid, 
ignition and weighing as described under nitrocellulose. 

Residual Solvent. — A sample of from 5 to 20 whole grwns of 
powder isdried in a vacuum dryer at 50* to 60° C. for two hours, 
cooled in a desiccator, and the loss of weight determined by 
weighing. This loss is considered as moisture, and the differ- 
ence between this and the total volatiles, as given by the water- 
precipitation method, will be considered the residyal solvents. 

Nitrogen'.^-The prepared and dried sample is treated as de- 
scribed under nitrocellulose, with the same requirements. 

Physical Test. — Take not less than twenty grains, representing 
an average of the grains in the lot of powder to be examined, and 
cut off both ends of each grain at right angles to the length of 

the grain until -^ . - . 1. Compress these slowly between 

parallel surfaces (screw-press, for example) until the first crack 
appears. The decrease in length necessary to crack the grain 
is calculated to per cent of ori^nal length; no grains must 
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show less dian 35 per ceat. In case of failure in this test 
twenty more grains are amilarly tested. If the average com- 
pres^on of the total thirty grains is below 35 per cent the 
powder will be rejected. Grains of abnormal shape or having 
flaws will not be used in this test. 
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Magazines.—Wide variety of practice exists among the 
different countries in building magazines. In Austriar-Hungary 
light wooden structures are provided for explosdves, so that the 
debris, in case of explosion, would be projected short distances. 
The English laws in reference to explosives are most elaborate 
and rigid; the details of magazines, the character of explo- 
sives permitted for sale and the conditions of storage and 
transportation are carefully prescribed therein. These stringent 
regulations, taken in connection with those equally stringent in 
reference to the manufacture and teats of all explcraives, 
make an accidental explosion of explosives in transit or stor- 
age an exceedin^y rare occurrence in England. 

Explosions may result from lightning or from incendiarism; 
to guard against such contingencies the buildings in which 
explosives are stored should be well protected by lightning- 
conductors and be made fire-proof. Some constructions have 
been made in which the roof and sides are of corrugated sheet 
iron; the roof-trusses of iron resting on brick piers; the floor 
of asphalt free of grit. 

AJl doors should be double with a vestibule between; they 
should be strong, fire-proof, and have strong, treble-bolt locks. 

According to Guttmann, the best method of protecting 
explosives from li^tning is to build the magazine entirely of 
metal, extending the sides down to moist soil or connecting 
them well^with it in several places. 
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A method suggested by Professor Oliver Lodge is conadered 
efficient. This consists in covering the building completely 
with strong, durable iron wire netting, or running large size 
iron wires along all ridges and edges, with groups of wires 
radiating from each comer, the whole system being connected 
well with moist earth. 

All etorage-magazinea should have protecting mounds or 
traverses of earth thrown up around them when located near 
other buildings or property exposed to destruction in case of 
explosion. When this is not possible, near-by buildings may 
be protected by planting thickly a deep row of trees about 
the magazine. As a rule, 200 yards may be regarded as a 
reasonably safe distance from a large stor^e-niagazine. 

Storage-magazines should not be placed within closed works 
if it is possible to avoid doing so. 

Not more than 400 tons of black or brown gunpowder or 
100 tons of nitrocellulose gunpowder should be stored in one 
magazine. 

The English regulations prescribe that magazines for the 
storage of nitro-powders or high explosives shall be made of 
as light a form of construction as possible, compatible with 
sufficient strength for stability, resistance to weather, and 
protection against unlawful entry. The material used must not 
be of an inflammable nature. The temperature of magazines 
should be maintained at about 70° P.; if it is permitted to 
rise above 100° F. for any length of time the composition and 
stability of nitrocellulose powders may be affected; if it rises 
above 122° F. (50° C), even for a few minutes, exploaves stored 
therein should be examined for stability. 

Service-magazines in coast forts are so placed as to be pro- 
tected from projectiles of all kinds. The conditions as to 
temperature and ventilation prescribed for storage-magazines 
should obtain for service-magazines. 

In so far as possible no iron fixtures, tools, or appliances 
should be used inside of a magazine. 

Magazines may be heated by steam at a pressure not exceed- 
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ing 15 lbs. per square inch, or by hot water; the heating pipes 
may be of iron, but should be placed well above the floor, not 
lower than 6 feet 6 laches. . They need not be galvanized nor 
otherwise coated, nor boxed In with wood; but they should 
be detached and not less than 6 inches from any woodwork. 
Thsy should be frequently wiped clean of all dust. 

All doors and windows should be made to open outwards. 
They should be covered with copper sheeting. All fixtures and 
nuls should be of copper. 

Following, in a general way, the English regulations, explo- 
sives may be claesitled, for purposes of storage, into "Groups " 
and "Diviaons," as follows; — 



Group I, Stored io Magazines, 

Explosives which must be placed in a magazine, each divi- 
fflon of the group requiring a separate compartment in which 
"magazine conditions " must be observed, except that divisions 
a and e may be placed in the same compartment, and c, d, and e 
need not be under magazine conditions. 

Divisions. 

a. Nitrocellulose gunpowder and black and brown gunpowder, 
in bulk or made up in cartridges for large-caliber guns. 
Quick match. 
6, Dry guncotton. 
Dynamite, 
Explosive gelatin. 

c. Wet guncotton. 

Kcric acid and its derivataves. 

d. Rapid-fire fixed ammunition for guns of 3-inch caUber and 

less. 

e. Rapid-fire ammunition for the guns above ^inch caUber, 

when the powder is in metallic cases, or in metal-lined 
boxes. 
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Group n. 



Exploaves which must be stored in a separate chamber of 
a magazine, or in a separate storeroom or building. 

Divisions, 
a. Percussion-caps. 

Small-arm ammunition. 

Priming and pyrotechnic composition; any compositaon in 
bulk containing either mercury fulminate or a chlorate. 

Empty capped metallic caees. 

Fuses (time, percusdon, or combination). 

Slow match. 

Port fires. 

Rockets. 

Primers of all kinds (friction, pereusMon, or electric). 
6. Mines, loaded. 

c. Shells, filled and fused. 
Shells, filled but not fused. 

d. Detonating-caps. 

All gun[)owder8, dry guncotton, dynamite, and explodve 
gelatin should always be kept in magazinea, and magazine 
conditions strictly enforced, 

Explodves in Group II should not be placed in the body 
of magazines, but in storerooms or chambers apart, and need 
not necessarily be under magazine conditions. 

Dividons c, d, e, Group I, may be stored in magazines or 
as prescribed for Group II, whichever is most convenient. 

No two divisions in either group should be placed in- the 
same compartment or pile, except a and e, Group I, may be 
stored in the same magazine, and fuses and primers, Group II, 
may be kept in the shell-room of a service-magazine, but a box 
or cupboard should be provided to contain them only, and 
sepEU^tely. 

A magazine or storeroom for explosives may be divided into 
many compartments under the same roof for the different 
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divisions of a group, provided they are separated by substan- 
tial brick or other walls, without openings of any kind between 
compartments. 

Explosives of the same division may be stored in the same 
compartment, room, or magazine. 

Nitroglycerine, dynamite, exploave gelatin, and nitrocellu- 
lose may decompose above 122° F. (50° C), and magazines 
containing them should never have a higher temperature. 
Nitro-powders and dry guncotton should not be exposed to a 
higher temperature than 104° F. (40° C) for any length of time, 
or repeatedly for short times. 

All explosives, whether stored in magazines or in store- 
rooms, should be kept under the following conditions: 

Lighting of fires near by should be strictly prohibited. 
Ko one should be permitted to enter rooms contain- 
ii^ explosives stored in bulk with matches in the pockets 
or about the person. 

Oiled rags or waste, or any substance liable to spoD- 
taaeous combustion, should not be kept in or near rooms 
containing explosives. 

Floors and platforms should be kept scrupulously 
clean. 

Benches, shelves, and all fittii^ and fixtures inside 
of storerooms or magazines should be kept free of grit 
and dust. 
Magazines contMuing gunpowder of any kind, in bulk or 
in cartridges for large-caliber guns, nitroglycerine, dynamite, 
explosive gelatin, or dry guncotton should be kept under the 
following conditions, in addition to those which are given above: 
No one should be permitted to pass through the 
outer door of the building except those duly employed 
therein, or except in the presence of the officer or non- 
commissioned officer in whose chai^ the explosives are 
placed, and the latter should be responsible that all 
regulations for safety are strictly observed. To this end. 
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tbe officer or Don-conunissioned officer in charge should 
cause all persons to observe the following regulations as 
to clothing: 

The contents of all pockets will be examined at the 
outer door to see that no matches or other easily com- 
bustible substances are taken within. 

As soon as the outer door is entered all coats will 
be removed, and iron or steel articles removed from 
trousers' pockets. The shoes will be carefully wiped on 
a mat placed just inade the outer door, and magazine 
rubber overshoes placed on the feet of each person. 

When powder is to be examined in a magazine, a paulin, 
carefully dusted and shaken, should be spread out on tbe floor, 
and when the work is completed the paulin should be care- 
fully folded so as to contain within its folds all powder-dust 
that may have been formed; it then should be carried from 
the magazine and the dust shaken into water. 

Doop-mats should be shaken outside the outer door after 
each party leaves the magazine. 

Packages containing explosives in Qroup I should not be 
opened in a magazine or storeroom containing other explosives 
of that group. They may be opened in an anteroom or outside. 

Inventory lists, showing the contents of the magazine or 
storeroom, should be posted and kept entered to date. 

Keys of magazines and storerooms containing explosives 
should be carefully tagged and kept in the personal possesion 
of the officer in charge of the explosives. 

When explosives are received the original packages should 
be carefully examined externally, the condition of the package 
noted to see if it has on its surfaces any nails, grit, or other 
objectionable substance, and, if there be any such, it will be 
carefully removed. If the package is broken or defective it will 
be set afflde to be opened and have its contents examined. All 
marks on each separate package will be carefully entered in the 
receipt record book. 
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Shelves should be arranged in an anteroom to receive 
"sample bottles." On these shelves should be kept a sample 
of each "lot" of oitro-explosives received and iu store in the 
magazine. These bottles should be inspected and the contents 
tested from lime to time. 

In stacking ori^nal packages they should be so placed as 
to exhibit the markings. 

When original packages have been emptied, the markings 
should be scraped off before they are sent from the magazine 
or storeroom. 

If packages are used for explocdvgs a second time they 
should be carefully examined to see that all former markings 
are obliterated, and that they are strong and free from dust, 
dirt, and foreign substances of all kinds. 

In the magazine and storerooms, pack^es should be 
stacked in tiers, the same divisions being kept together, and 
in each division each lot separate. A clear, free aisle should 
be left about each lot, and in each tier the bottom layer should 
be separated from the floor by 1-inch battens, and each layer 
from the one below by 1-inch battens. In each layer an inch 
space will be left between adjacent packages. 

Filled cartridges will be stacked separately from powder in 
bulk, the lots being carefully separated and each lot together.. 

When rooms or buildings other than magazines are used for 
the storage of explosives they should be thoroughly repared, 
washed, dried, swept, and cleared of all movable articles before 
the explosives are introduced. 

If there be no anteroom or vestibule in connection with a 
room used for the storage of explosives one should be impro- 
vised. If it is not practicable to obserii'e the strict regulations 
prescribed for permanent magazines, it is possible always to 
require that no matches or other easily combustible substance 
should be taken within the building or room, and that the feet 
should be carefully wiped inside the outer door. 
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Venttlation of Magazines. 

It is very important that magazines containing gunpowder 
should be carefully ventilated. If powder be stored in damp 
magazines in cases not hermetically sealed, the powder absorbs 
moisture and its balliatic value is thereby reduced. 

With smokeless powders the temperature of the magazine 
has also a special influence on the muzzle-velodty. It has been 
found by trial that powders tested in summer and used in target- 
practice in winter give velocities lower than the test velocity, 
and those tested in winter and used io summer give higher 
velocities. Corrections allowing for difference of temperature of 
powder in firing have been ascertained and tabulated. 

Powders should be tested ballistically at a standard tem- 
perature, say 70° F., and the temperatures of service-magazines 
should be such as to permit the powder to be dehvered to the 
guns at as near this temperature as possible. If this is not 
done a temperature correction must be introduced in applying 
range tables. 

The humidity and temperature of the ur in magazines are, 
therefore, a matter that must be carefully watched. 

It is especially important with all nitro-explosives that 
there should be free circulation of air, so that in case any in- 
cipient decompoMtion should occur, at any spot in any package, 
the fumes would be directly carried off, thereby preventing an 
accumulation of pressure and temperature, and also favoring 
detection of the decomposition by the odor of the escaping gases. 

The air inside of magazines should be kept always above 
its dew-point to avoid condensation. The problem is, there- 
fore, to keep the air circulating and to maintain it at a tem- 
perature above its dew-point. Three methods are practised to 
accomplish this: 

I. The air of magazines may be kept above the dew- 
point by providing that it pass over heated steam- or 
hot-water pipes, using a fan or natural circulation. 
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2. Air-shafts with revolving hoods, like those of ships, 
may be arranged to face the vind and conduct a lai^ 
volume of air through all rooms and galleries. It is 
found that a shaft about 20 iDches in diameter with a 
well-flared hood will work eflSdently in wind above 5 
miles per hour. With little wiod aud on damp days 
the shafts are closed. The principle applied in this type 
is that the volume of air pas^ng through must be suffi- 
cient to give its temperature to the surfaces of the rooms 
and galleries. 

3. Some magazines are not provided with circulating 
air, but the air is renewed as often as possible by opening 
all doors and windows to the outside air whenever the 
condiUons of temperature and dew-point are such as to 
make the ur let in a drying air. 

That is, it is necessary to establish a proper dew-point 
in^de by beat or otherwise, and to cause a constant circulation 
of air by blowers, or to make use intermittingly of the natural 
weather conditions as they may warrant. 

The regulation of the air within a magazine by natural 
ventilation is effected by means of thermometers inside of 
magazines and wet- and dry-bulb hygrometers outside. The 
wet- and dry-bulb hygrometers are permanently placed outside 
the magazine, protected from the direct and reflected rays of 
the sun, and from wind and rain. Magazines should be arranged 
with a window, and the ioade thermometers should be placed at 
this window, so that the inside temperature may be read without 
opening the magazine. Before installing the inside thermometer 
and the outside hygrometer, the former and the dry-bulb ther- 
mometer of the latter should be compared as to their readings 
under the same conditions. If a difference of reading is noted, 
this should be entered as a correction on both instruments and 
applied in all computations. 

The scale of the dry-bulb thermometer of the hygrometer 
will give the temperature of the outside air; the reading of the 
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wet-bulb thennometer will always be below tbat of the dry 
bulb, ftud the amouot of this difference is the argument with 
which the humidity tables are entered, as explained below. 

In ufflng the wet- and dry-bulb hygrometer care must be 
exercised to have the well of the wet-bulb thermometer always 
supplied with clean, pure water, and to see that the cloth leading 
to the wet bulb is wet before taking any reading. 

Reading should be taken in the morning and in the aftei^ 
noon. These readings and the readings of the inside thermom- 
«teTs should be entered in a record book. 

The dampness of magazines results from two causes: 

1. The txmdenaatvm of moisture from the idr of the 
magazine on the walls, ceiling, floors, and all surfaces in the 
magazine. Outside air at a given temperature and relative 
humidity admitted to a magazine at a lower temperature 
may, by simply having its temperature lowered, become 
supersaturated and deposit moisture by condensation. 

2. Percolation of water through the ceiling and walls 
often causes dampness. This is sometimes seen in mag&- 
anes, especially when Rosendale cement has been used in 
the construction, and when sheet lead or asphaltum has 
not been placed over the ceilings. Such water, running 
into the magazine, collects in small pools and tends to 
keep the air constantly saturated. 

After magazines have been opened the greatest care should 
be exercised to see that they are closed ti^tly as soon as the 
'Conditions favorable to opening cease to exist, or before this 
limit is reached. 

Subject to the above conditions, magazines should be 
opened as often and for as long a time as posdble, and every 
means used to get a good circulation of ^r. 

Two tables, A and B, are provided for guidance of the person 
in charge of the magazine. Copies of these tables should be 
Attached to boards hung up in each magazine. . Table A ^vea 
Ihe weight of water-vapor per cubic foot of mr for each degree 
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from 13* to 100° F., when the reading of the wet bulb is from 
to 14 degrees lower than that of the dry bulb. The table ia 
not carried below one gr^n of water-vapor per cubic foot of air, 
as this is a condition seldom met with, and no harm would be 
done in ventilating a magazine at any temperature likely to 
occur with air so dry as this. Table B gives the temperature 
which must be shown by the inside thermometer corresponding 
to the weight of water-vapor per cubic foot, before the magazine 
should be opened for ventilation. The table gives two columns 
of temperature : column I gives the temperature for the maga- 
zine at or above which ventilation would be advantageous, 
namely, that at which the water-vapor that is in the air outside 
would cause a degree of humidity of 70 per cent or less inside; 
column II gives the low limit of temperature for the magazine 
below which it should never be opened for ventilation, as its. 
degree of humidity would become 85 per cent or more, and if it 
is necessary to open the doors for any purpose, they should be 
closed agfun as quickly as possible. 

Method of Reading the rafttes.^To work these tables the 
readings of the wet- and dry-bulb thermometers are taken, and 
from Table A the weight of water-vapor per cubic foot of air is. 
ascertained. The temperature is then taken from Table B, 
which is opposite that weight in the first column. 

Application of Tabks. — Should the thermometer in the 
magazine read at or above the temperature taken from column 
I, Table B, the magazine may safely and advantageously be 
opened for ventilation. If this condition is not fulfilled for a. 
month, the first opportunity should be taken for ventilating 
the magazine when the thermometer in it reads between the 
temperatures taken from columns I and II for the weight of 
water-vapor per cubic foot of air at tlie time; but the tempera- 
ture taken from column II ia the minimum for the thermometer 
in the magazine for any ventilation to be attempted. 

Length of Time to be Opened.—lt must be borne in mind that 
conditions favorable for ventilation may not ]a.st long, especially 
when the temperature inside the magazine is below that outside,. 
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SsowiNa Teupkrature at which Maqaeinbb hat bb Opiutdd fou 

VE.VT1LAT10N, ACCORDINQ TU THE MolSTtlBE IN THE OUT^lDE AlR 

AscertjuiiBp frou Table A. 



Foot of Air 




Weight of 




of Muaiina 


When It Uay be 0|>eDed. 


When it Itey be Opened. 






Foot of.Air 






(Outride) 


^■i;?rZr 




(Out Hide) 


I.-HiDimum 


II.— limit 


A5«rtained 


below which 


ABconained 


below whiob 


trooi Table 
A. 


VmtiUtoi. 


VentilAtioDia 


from Teble 


V^'tSu^n. 




amint.' 


CemuF, 


DecrtHiF. 


Gruna.' 




DepeesF. 


17 


107 


100 


5,2 


68 




16.5 


106 


99 


5,0 


67 


61 


16.0 


105 


98 


4,9 


66 


60 


15.5 


104 


97 


4,7 


65 


69 


ISO 


103 


96 


4-6 


64 


68 


14.6 


102 


95 


4,4 


63 


57 


14.2 


101 


94 


4-3 


62 


56 


13,8 


100 


93 


4.1 


61 


55 


13. S 


99 


92 


4,0 


60 


64 


13.1 


98 


01 


3.8 


60 


53 


12.7 


97 


90 


3,7 


68 


52 


12.3 


96 


89 


3.5 


57 


51 


12.0 


96 


88 


3.4 


56 


50 


11.6 


94 


87 


3,3 


56 


49 


11.2 


93 


86 


3-2 


54 


48 


10. B 


02 


85 


3,1 


63 


47 


10,6 


91 


84 


3,0 


52 


46 


10.2 


90 


83 


2,9 


51 


45 


9.9 


89 


82 


2,8 


49 


44 


9,6 


88 


81 


2,7 


48 


43 


9.3 


87 


80 


2,6 


47 


42 


9.0 


86 


78 


2,5 


46 


41 


8.8 


85 


78 


2,4 


45 


40 


B.5 


84 


77 


2.3 


44 


39 


8.2 


S3 


76 


2.2 


43 


38 


8.0 


82 


75 


2 1 


41 


37 


7-7 


80 


74 


2.0 


40 


36 


7.4 


79 


73 


1,9 


39 


36 


7.2 


78 


72 


1.8 


38 


34 


7,0 


77 


71 


17 


37 


33 


6.8 


76 


70 


1,6 


35 


32 


6 6 


75 




1-5 


33 


31 


6 3 


74 


68 


1,4 


31 


30 


6,1 


73 


67 


1,3 


29 


28 


5,0 


72 


66 


1,2 


27 


26 


5,7 


71 


65 


1,1 


25 


24 


5.6 


70 


64 


1,0 


23 


21 


5.4 


69 


63 









' When the number of grains of water- vapor per cubic foot of air i 
found exictty in the column, the nearest higher figure should be t&ken. 
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Bs the latter will Booa fall after entering the magazine when the 
doors are opened, and the relative humidity of the outside ur 
vhich has entered the magazine be increased. Under these cir- 
cumstances about five minutes should be long enough for 
ventilating a small magazine ; but when the temperature inside 
is above that outside the magazine and other conditions are 
fulfilled, there is no limit to the time during which ventilation 
may be continued, provided outside conditions remain favorable. 

lighting. 

Magazines of permanent seacoast works are lighted, as a 
rule, by electricity. When lighted by lamps, or when it is nec- 
essary to take a lamp into a magazine or a room contaioing 
explosives, only some authorized type should be used. 

Great care must be exercised in protecting electric lamps 
from being broken, and the insulation of all parts of electric 
circuits within the magazine, or the room containing explosives 
should be of the most approved form. 

It has been ascertuned by experiment that the incandescent 
filament of the electric light will fire gunpowder dust if the 
globe be broken in an atmosphere containing such dust in sus- 
pension. It is considered necessary, therefore, to have all 
incandesceot lamps protected by a strong outer glass globe 
and this latter by a strong, copper-wire cage, the outer glass 
globe should bave an inlet and outlet tube admitting a circula- 
tion of air; the capacity of the globe and ventilating pipes 
should be such as to keep the temperature inside the outer 
globe not greater than 140" F. 

In the case of very dusty and dangerous localities, the 
outer ^obe may be arranged to contain water instead of 
air, and a circulation of water provided, the lamp being 
immersed therein. In ail cases where complete globes are 
used, one dde should be paint«d to prevent the focuasiog of 
heat rays. 

I*amp8 should be attached in such a manner as to make it 
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impoflBible to be broken by a fall ; for this purpose a light wire 
cage is -placed immediately about the lamp globe. No wire 
carrying a current should be used to support a lamp, or be other- 
wise subjected to a mechanical- stress. 

Lead wires should be inclosed in metal tubing up to the 
lamps, and the lamp wires should be soldered to the leads. 
No mere contact-joints should exist in the leads within or near 
the magazine. Each lamp should be provided with a fuse 
cutHsut outeide the magazine, so placed as to be readily in- 
spected. The fuses should consiBt of tin wire about 0.036 
inch in diamet«r, additional wires in parallel being used if 



Each lamp should be supplied with a double-throw switch 
outside the magazine, by means of which the circuit may be 
completely broken. Before attempting to repair or replace a 
lamp, this switch should be thrown off for that lamp. 

An efficient leakage-detector and lightning-arrester should 
be placed in each magazine-lighting system. 

The difference of potential between any parts of the circuit 
within magazines should not be greater than 110 volts. 

The system should be thoroughly tested from time to time 
in all its parts. 

Special Storage Regulatitms for W0i ExplostveB. 

High explosives in storage should have blue litmus strips 
placed in each package. These packages should be examined 
once a month, the litmus strip replaced, and the boxes turned 
over. 

The floor under packages cont^ning nitroglycerine explofdves 
should be covered with clean sawdust, to absorb any nitro- 
^ycerine that might exude. This sawdust should be renewed 
from time to time, the old sawdust being burned in the 
open UT. 

In case a floor, or package, becomes coated or stoned with 
free nitroglycerine, the latter should be decomposed by washing 
the floor or package with a solution of flowers of sulphur in 
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carbonate of sodium. This soda-sulphur solution should be kept 
on hand wherever nitroglycerine in any form is stored. 

Dynamite should be stored so that the sticks are horizontal; 
the tendency of dynamite to exude mtrc^lycerine is greater if 
the sticks stand on end. 

It is important that dynamiteMiartridges be kept dry. If 
exposed to a moist atmosphere, there is a tendency of the water 
condensed from the ^ on all exposed surfaces to displace the 
nitroglycerine. 

A little sodium carbonate is usually placed in dynamite. 
Moisture often causes this to leave to some extent the body of 
the cartridge and to appear as a white efflorescence on the out- 
side of the wrapper. If the dynamite is not otherwise changed, 
particularly if blue litmus is not reddened and there is no leak* 
ing of nitroglycerine, the efflorescence does not in itself indicate 
deterioration. It does suggest, however, that an examination of 
the dynamite should be made with a view to determining its 
condition as to the other defects named. 

Guncotton is always stored in a saturated condition, con- 
taining from 30 to 35 per cent of water. In this condition it 
is practically non-explosive. If not stored in hermetically 
sealed cases, guncotton should be examined monthly and 
resaturated. 

Dry guncotton is required as a primer in detonating wet 
guncotton. Dry guncotton primers should be stored apart 
from wet guncotton. The disks may be kept dry by immersing 
in melted paraffin. If dry primers so prepared are not on hand, 
wet disks should be dried out at temperature not above 110° F. 

liquid nitroglycerine is very rarely kept in storage. If it 
becomes necessary to store it, it should be stored in earthen 
crocks only, and should be kept covered with water. These 
crocks should be placed on supports of wood, near the floor, and 
over a trough cont^ning sawdust or other absorbent. Like 
dynamite and guncotton, it should be examined monthly with 
blue litmus for evidences of acidity. 

All buildings and rooihs containing these explosives should 
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have a free circulation of aii and should be under other maga: 
zine conditdoDti. 

EzaminatioQ of Smokeless Powder in Magazines. 

A sample of each accepted lot of powder is kept at the works 
of the manufacturers, where it is observed from time to time and 
tested. A part of each sample should be kept exposed at about 
104° F. (40° C), under conditions resembling as near as possible 
those which obt^ in storage-magazines. This part of the 
sample should be carefully examined from time to time, and 
subjected to the stability test once every three months for the 
period of one year and thereafter, as long as any of the lot is 
in the service, once every six months. A small part of the 
original sample should be kept permanently in a glass bottle, 
in a suitable place, where it can be under observation. Another 
sample of each lot of the powder should be placed in a glass- 
stoppered bottle, with a piece of moistened htmus paper sus- 
pended just clear of the powder. This should be kept in position 
. for six hours, moistening the litmus paper from time to time, 
noting whether the litmus paper reddens and to what extent, 
and being careful not to confuse the pink color due to the ordi- 
nary bleaching of Utmus with the reddening due to free acid. 
In order to determine what the acid color for a ^ven piece of 
litmus should be, a piece of the paper should be dipped in 
vinegar and the true acid color will result. If this color develops 
in the bottle, it is due to escaping nitro fumes. 

Care should be taken to prevent the direct rays of the sun 
from falling upon powder or powder-boxes. 

External Ezaminatioo. 

In making superficial examinations of smokeless powder a 
sm^ scoopful should be taken into a good light, where a change 
of color may be most readily detected. Decomposing powder 
becomes lighter in color aU over or in spots, showing a decidedly 
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yellow tinge, and, when the decompositioD is well established, 
the grains become itl a measure soft, yielding to the pressure 
of the thumb mH. If nitro fumes are ^ven off, the inside 
of the box, tank, or bag would probably show a yellowish 
appearance, and an acrid, pungent odor of nitnc-oxide gas 
would be present. Close observation is necessary to detect 
these signs in' the case of incipient decompomtion, but, if dis- 
covered at any time, such powder should at once be subjected 
to the stability heatrtest. 

If any powder is found to be in a soft or pasty condition, 
it should be removed at once and put in water. 

Samples of each lot of powder received at a magazine should 
be kept in glass-stoppered bottles and so placed in the maga^ 
zine that they can be regularly and carefully examined twice 
a day. 

When a shipment of powder is received at a storage-maga- 
zine, each box or package which shows signs of rough handling 
and liability that its hermetical sealing has been destroyed 
should be opened and a superficial examination made of its 
contents to ascertain if it is in normal condition. 

Fixed ammunition received for storage should have a few 
rounds taken apart for superficial examination. 

Heat- and litmus-tests should be made in each caae where 
superficial indications of incifnent decomposition are observed, 
and unless the powder meets both of tiiese tests it should not 
be placed in the maga2dne. 

In preparing fixed ammtinition, care must be exerrased to 
see that the inside of the case is free from grease or any other 
foreign substance, and that the base of the projectile is pei^ 
fectly clean. 

The temperature and hygroscopic conditions of magazines 
should be constantly watched. Maximum and mini mum ther- 
mometers should be placed one b the hottest part of the 
magariae and the other in the coolest. The temperatures 
should be taken daily and noted in the Magazine Eecord 
Book. 



D,g,tza:Jb.GOOg[e 



STORAGE OF EXPLOSIVES. aaj 

Magazines should be inspected each day and l^e fact noted 
in the Record Book over the signature of the person who makea 
the inspection. 

At these inspections the general condition of the magazine 
and its contents should be examined and noted in the Record 
Book. If the condition of the magazine is such aa to indicate 
that everything is in a satisfactory state the word " Nonnal " 
should be entered. If otherwise, the particular defects noted 
should be spread upon the Record, and the matter reported 
at once to the proper officer. 

No loose powder should be permitted in any building, except 
such as is actually being used in preparing cartridges. 

Large quantities of powder should not be permitted in cai^ 
tridge-fiUing rooms; only just enough to supply the immediate 
need. 

As rapidly as cartridges are filled and prepared for use, they . 
should be removed from the filling-rooms and placed in storage. 

Neatness and cleanliness should be infdsted upon at all 
times; no foreign substances, such as oakum, waste, rags, paper, 
paint-pots, -bruslies, ete., should be allowed in any building 
assigned for the storage or preparation of cartridges. 

If it should at any time become necessary to dry smoke- 
less powder, it should be done out of the direct rays of the sun. 

Smokeless powder should not be stored in magazines wherein 
the temperatue runs at any season ^>ove 95^ F., or which ever 
reaches 104** F. If the temperature tends to rise so bi^ 
artificial cooling must be resorted to. 

If the odor of ether is noticeably strong in any magazine; 
such magazine should be blown out with portable fans or other- 
wise ventilated. 

A naked light should never, under any circumstances, be 
taken into a room cout^rung any quantity of powder. 

The following tests aad examinations should be made of 
smokeless powders kept in service-magazines at poate: ' 

' Theed Mata do not apply when powder is atored in soldered metallio 



D,g,tza:Jb.GOOg[e 



214 NOTES ON MiUTARY EXPLOSIVES. 

Daily. — A sample from each lot of smokeless powder in the 
magaziDe is to be kept in a glass-stoppered bottle ' In a 
conspicuous place, and frequently examined in a good light 
as to its external appearance. 
Fortnightly. — The powder in one or more boxes or bags of each 
lot to be examined externally for evidences of incipient 
decomposition. 
Monthly. — The sample in the index-bottles will be subjected 

monthly to a moist litmus-paper test for 30 minutes. 
Quarterly. — A sample from each lot in the magazine to be sub- 
jected to the potasdium-iodide-starch-test for 40 minutes once 
a quarter, and also to a uz-hour litmus-test. 
In case a pungent odor is detected it should be investi- 
gated. 

The following regulations, with regard to the care and presei^ 
vation of smokeless powders in store, are prescribed by the 
Ordnance Department, U. S. Army: 

All lots of smokeless powder will, as far as practicable, be 
shipped from the manufacturers to one of the powder depots; 
except, under unusual circumstances, issues to posts will be 
made only from such depots. 

In issuing smokeless powder from the depots the oldest 
lots in store will be issued first, unless instructions to the con- 
trary be given. 

All powders stored at the powder depots shall be tested 
as follows : 

1. By the usual stabihty tests at the Ordnance Laboratory. 
For this purpose an S-ounce sample from each lot of powder 
in store will be sent to the laboratory for test. 

These tests of powder shall be made each six months after 
delivery. The samples will be selected as follows: From lota 
for the 10-inch and 12-inch B. L. rifles not more than one 
grain shall be taken from a box; from lots for guns of other 

'The style of bottle desired is that known tia "salt-mouthed" bottles 
and of a capodty of about two pounds; th^ should be filled about two-Uuids 
full 
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calibers 5 per cent of the boxes shall be opened and a pro- 
portionate part taken from each. 

2. A litmus paper test will be made every three months 
for six hours from a sample taken from one or more boxes 
of each lot. The sample is placed in a clean glass-stoppered 
bottle, and a piece of litmus paper moistened with water (dis- 
tilled, if practicable) is suspended just clear of the powder.' 

3,' In each magazine samples of each lot stored therein 
should be placed in glass-stoppered bottles and examined semi- 
weekly. The appearance of yellowish or brownish-red fumes 
gradually assuming a red color as the quantity increases is a 
sign of deterioration. The fumes have a disagreeable, sharp, 
acrid odor similar to that of nitric acid, and are very irritating 
to the eyes and nose. 

Should there be any indication of fumes the bottle should 
be opened and two pieces of litmus paper moistened with water 
(distilled water, if possible) quickly inserted, one in contact 
with the powder and one hanging from the stopper. If there 
are any fumes being evolved, the litmus paper should be red- 
dened in a few hours. The moist paper will gradually dry 
out; if any doubts exist as to its reddening, the paper should 
be again moistened and replaced. The papers should be ex- 
posed in the bottles or boxes for at least six hours. 

4. Small samples of each lot should be kept in glass bottles, 
ather in the offices or in some suitable place for purposes of 
daily observation. These bottles should not be exposed to the 
direct rays of the smi, nor in any place where they would be 
liable to be overheated. 

' The caution mentioned on page 221 as to the true nod color, ahould be 
kept in mind. 
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While the explosives herein treated have enormous potential 
energy stored up in them, they are perfectly safe unless a definite 
act be taken to let loose tlus energy. 

If they are so handled that no particle of any pven mass 
is brought to a certain definite temperature by application of 
heat, friction, or shock, they are as safe as any other solids or 
liquids. The solid nitro-exploedves are at least no more dan- 
gerous than the old black gunpowder. The precautions to be 
kept in mind have been pointed out as the several ex[dosives have 
been taken up in succession. Some of the more important of these- 
may, perhaps, with advantage be collected and repeated here. 

Summaiy of Pivcautioiis of a General ffature to be Observed in 
Handling Explomves. 

Avoid bringing any matches or other easily combustible sub- 
stances near an explosive. 

Avoid the use of hard, rigid tools, implements, or apparatus 
in connection with explosives. A particle of explosive pinched 
between two hard surfaces, and subjected to a blow or to sUding 
friction, is apt to explode. The minutest particle cau^t in 
this way and exploded has the power to initiate the explosion 
of a lai^ mass. Cop[)er is the only metal that should be used 
about explosives. 

Use only the quantity of explosive necessary for the work 
■ in hand, and keep the main supplies far removed from the 
point of explosion, and well protected from all possible exposure 
to fire or shock, or to handling by unauthorized persons. 

Keep explosives and means of exploding them apart until 
it is desired to arrange, a charge for explomon. 
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Explo^Tes and primers, fuses or caps, should never be 
transported or stored together. 

Nitroglycerine, dynamite, dry guncotton, and explosive 
gelatin, if transported, should be protected against violent 
shock by preparing a soft, elastic bed of hay, straw, excelsior, 
or similar substance in the cart, wagon, or car. Rough pave- 
ments and roads should be avoided in so far as practicable. 

Never prepare a primer dynamite or explosive gelatin car^ 
triSge near other dynamite or explosive gelatin. 

Never try to thaw nitroglycerine or a nitroglycerine deriva- 
tive over a naked Same or on heated metal. Use always a 
dosed vessel in a water-bath. 

Incase a charge at any time misses fire, do not he in haste to 
investigate the cause. Wait at least ten minutes, and, then, when 
satisfied that no explosion is to take place, remove the tamping, 
cut the lead-wires of the fuse, and prepare another primer. Open 
up the chai^ as little as possible and not near the old primer. 

In using an electric current for firing, the wires should not be 
connected to the source of electricity until the circuit is otherwise 
complete, the primer in place, and charge all ready for firing. 
One man should be detuled to see that the firing ends of the 
wires are not tampered with while the charge is being arranged. 

Before firing a charge, warning should be given to all persons 
connected with the firing, and a lookout stationed to warn off 
all friends. 

Precautions to be Observed in Charging Toipedoes and Shell 
with High Explosives. 

The work should be done in light frame buildings apart 
from other buildings. The fioor must be swept frequently, and 
the sweepings burned at a distance. 

The temperature of the loading-room should not be above 
9(y F. nor below 50" F. 

No acids or primers should be allowed near explosives in 
lulk. Magazine conditions will be strictly enforced, both as to 
srsons engaged in the work and to the surroundings. 
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In connecting together parts of material by screwing, aa 
in fusing shell and arranging the tropedo fuse, great care must 
be exercised that no particle of explosive is caught in the screw- 
threads. 

Shell loaded with picric acid or its derivatives should not 
have screw-threads coated with white or red lead. 

Great care must be taken that particles of explosive are 
not dropped on the floor. 

A torpedo loaded with dynamite should be kept carefully 
protected from the sun's rays. The direct rays of the sun 
would soon heat the interior to a high degree, and the sensi- 
tiveness of all high explosives increases rapidly with the tem- 
perature. Loaded torpedoes should, therefore, be kept in the 
shade, and, if necessary, covered with paulins. 

Safety Precautioos in Preparing to Fire Itanolition Chargee. 

1. In testing fuses or detonators never attach a wire to 
dtber lead, unless the fuse or detonator is safely inclosed or 
at a safe distance. 

2. Always hold a cap or primer pointing from you. 

3. Be careful not to bend, strike hard, or heat a cap or 
primer. 

4. Do not place caps or primers near strong acids. 

5. Be careful not to allow any strain to be put on the leads 
of a primer in making up a charge or in connecting up the 
drcuit. 

6. Any one who connects a wire to the lead of a primer is 
responsible for his own safety. He should not make the con- 
nection unless he knows that the circuU is broken between him 
and the source of electricity. To increase safety, the outer 
ends of the circuit should be put in charge of some person, with 
instructions to keep the leads apart. 

7. All persons except those directly engaged in the work 
should withdraw to a safe distance or take cover while the 
chai^ is being made up and the circuit prepared. 
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8. The exploding-machine, electric battery or other firii^ 
apparatus, should not be brought to the firing-point until all 
preparations for firing have been made. The lasi thing before 
firing is to connect the leads with the source of electricity. 

9. Place the exploding apparatus or machine as near the 
charge as safety permits. Before using, test the naachine by 
seeing if it will redden, by heating, a small piece of platinum 
wire, or if it will explode a spare primer, or take the throw of 
a galvanometer, or the shock of the current between ends of 
short leads attached. 

10. If a charge is to be fired by using a firing-key, examine 
carefully to see that there is a retd arid sufjicient break when the 
key is " off," and that there are no loose wires or other means near 
to fonn a circuit except through the key. In firing, connect 
one terminal of the firing-key with the positive pole of the firing- 
battery, and, lastly, connect with the battery's negative pole. 

11. Immediately after firing, disanvnect both leads oTid place 

them in charge of some responsible persons, 

OS explained in 6. 

12. In testing circuits and primers, 
not more than 1/20 ampere should flow 
through any primer. 

13. For certainty of ignition, a single 
large charge should have two or more 
primers connected. up in parallel, thus: 

14. Always use the same kind of 
primers in the same circuit. 

The utmost care must be always exe> 
cised in handling all kinds of explosives 
and in their preparation for firing. The 
tendency of those charged with the duty 
of handling explosives is to become care- 
less and indifferent, and to neglect those 
precautions and that carefulness which should siw&ys be ob- 
served in connection therewith. Only the constant, utmost 
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watcMulBess will avoid accidentfi. No relaxatioD of these pre- 
cautions or of the rules and regulations governing magazine 
duties should be permitted. 

Preparing a Chaige for Firing. 

In arranging a charge for firing, the primer-cartridge of 
dynamite or the primer-disk of guncotton is placed as near as 
posdble in the middle of the charge, and the mass of explosives 
paciied tightly around it. 

The charge may be ignited by a time-train fuse, or by an 
electric primer or cap. 

If a time-train is used, its rate of burning must be ascer- 
tuned by trial. A single-tape time>train fuse will burn at the 
rate of about I foot in 18 seconds, a double-tape fuse the same 
distance'in about 20 seconds. 

The time-fuse is cut to the demred length, placed in the 
open end of the cap, and the latter pinched down tightly on it, 
«s shown in Fig. 2. 




If the fuse is to be used under water, the cap must be well 
coated with paraffin, tar, or shellac, so as to make the joint 
water-tight. 

The cap is next inserted in the cartridge. In doing this,' 
open that end which has the longest paper-folds. Punch a bole 
in the center of the end of the cartridge with a round-pointed 
stick, making the hole slightly larger than the cap. Insert the 
cap (about two-thirds of its length) until it is almost but not 
quite covered by the explosive. Bring the paper of the car- 
tridge close around the fuse-train and tie tightly with a strong 

■The desoriptioD ix>atemplal«B a dynainitQ etick-cartridge. 
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eiTvag. The primer-cartridge thus made will appear in longi- 
tudinal section, as showo in the following figure. 

The charge having been arranged with the primer-cartridge 
as near as possible in the center, the trun is led off in the direc- 



Fia. 3.— Primer-cartridge ammged with time-train fuse. 

tion of cover, ita free end is ignited, and the operator quickly 
withdraws. 

In firing by electricity, an electric primer is used. A 
primer-cartridge is prepared as follows; The paper is unfolded 
at one end of the cartridge, an opening is made in the center 
of the end with a pointed round stick, a little larger than the 
primer-cap. The cap is inserted until the upper end is nearly 
but not quite flush with the upper surface of the explosive in 
the cartridge. The lead-wires are then bent sharp over the 
end of the cartridge and along its side to the opposite end, 
leaving the free ends of the wires at that end. In passing 
along the cartridge, two half-hitches should be taken around 
the cartridge with the lead-wires, one near the end in which 
the cap is placed, to prevent the latter from being disturbed; 
the other near the opposite end. When completed, the primer- 
cartridge should appear as in Fig. 4. 



Fio. 4. — Primer-cartridge amuiged tor electric firing. 

To allow for this arrangement, and to allow also for ample 
free ends, the lead-wires should be at least 6 feet long. 

This primer-cartridge should be placed at the center of the 
chai^ and the components of the chai;ge packed tightly about 
it, the free lead-wires pasang out throu^ the charge in the 
direction of the point from which it is to be fired. 

In the case of guncotton, a dry block is taken for the primer- 
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block. The primer is placed in the hole of the block aod packed 
ID tightly with scraped dry guDcotton taken from the corners 
of the block. The leads are then bent over and around the 
block, making a close-fitting half-hitch. If it is to be fired 
under water the whole should be dipped in melted paraffin. 

In jointing wires, strip off the insulation for about two inches, 
leaving the end of the insulation conical, like the wood part of a 
pointed lead-pencil, and clean the wire carefully with the back of a 
knife, or other suitable tool, until a smooth, even, bright metallic 
surface is obtiuned, being careful not to nick or roughen the 
surface of the bared wire if possible. Cross the wires at right 
angles, as shown in Fig. 5. Then bend each wire around the 





other spirally in the direction of the pointed insulation of the 
other wire, keeping the turns of the spiral close together, as 
shown in Figs. 6 and 7. Three or four turns should be made, 
fre&sing ike turns lighily down on the standing part of the other 
wire, using pincers, preferably, to make the turns regular and 
tightly pressed on the other wire. Cut off the spare ends and 
pinch the cut ends close down, as shown in Fig. 8. 



In jointing stranded wires, each strand should be separately 
cleaned, and each strand wrapped around the standing part of 
the other wire, as explwned above for a solid wire. 
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A three-way joint is made by first making a ample joint, 
as explaned above, and then opening the wires at the first 
crossing sufficiently to insert the bared end of the third wire, 
as shown in Fig. 9. This third wire is wrapped closely down 





FiQ. 10. 



on the turns of the first wires. Otiier wires may be connected 
m, in the same manner. 

Important joints should be soldered if time allows. To 
solder a joint, first wash the joint with zinc chloride, heat the 
soldering-iron until it will readily melt the solder. Rub one 
face of the iron with a coarse file, then rub over a little sal 
ammoniac; or dip it quickly in a solution of sal ammoniac, 
then rub the solder on this cleaned face of the iron and apply 
to the joint. The solder should be hot enough to run freely 
into the spaces between the wires. The joint is then washed 
clean with carbonate of soda or other alkaline solution. In- 
stead of zinc chloride, a solution of recdn in spirits of wine may 
be used. 

Great care should be taken to keep thel bare hands off the 
scraped wires, and to keep the latter free from all grease. 

All joints, whether soldered or not, should be insulated. 
This is accomplished by the usual insulating rubber tape. Bogin 
well down on the wire insulation and wrap spirally well over 
oQ the insulation of the other side of the joint; letting each 
tiu*D overlap the previous one one-half, ending in a half-hitch 
(see Fig. 10). 

If the joint is to lie UDder the water, each turn of the insula- 
tion-wrapping should be carefully smeared with india-rubber 
solution before the next turn is laid over it. In unsoldered 
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joints, the india-rubbet solution should not be placed over tape 
lying next to and immediately over the twisted wires. Care 
must be taken to notice that the tape adheres to the rubber 
solution as it is laid down, aad especially to the insulation of 
the wires on each side. To insure this, the insulation of the 
wires and the tape to be laid down should be cleaned off with 
a little naphtha, and the insulation smeared with rubber solution. 

A good water-tight joint may be made by slipping a piece 
of rubber tubing on the wire before the jointing, then, after the 
jointing, slipping it over the joint and binding it on each side 
tighUy down on the wire insulation with strong twine or with 
pliable wire. 

If neither tape nor tubing is available, a fiurly good insu- 
lated joint, suitable for use in damp places, may be made by 
slitting lon^tudinally the insulation of a spare piece of wire, 
detaching it carefully from the wire, cutting this piece in two 
across, and then applying the two sections over the joint and 
binding down tightly with twine or fine wire, 

A joint should be made in that part of the circuit least liable 
to moving or bending. If necessary, the joints should be fixed 
in position by weights or stakes or staples. 

Before a circuit is connected up for firing, the joints should 
be tested for continuity. The complete circuit should finally 
be tested by a weak current. 

The service-exploder is known as the Laflin & Rand 
Magneto-electric Machine, or the Laflin & Rand Exploder. 

The internal arrangement (see Pigs. 11, 12, and 14) comdsts 
of a Siemens armature, B, which revolves between soft-iron 
prolongations of the cores of an electromagnet, A. 

The electricity is generated by forcing the armature to 
revolve in the field of the magnet and is transformed by a com- 
mutator, F, from an alternating to a continuous current. The 
circuit passes from the commutator-springs into the adjacent 
ends of the windings of the magnet. The back-strap ends of 
the windings of the two halves of this magnet are extended 
to the terminals, or binding posts, G, for the connecting wires; 
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and thence to a brass spring, D, and collar, E, where, by plati- 
num points, they are joined together, thus completing an interior 
short circuit as a shunt. The magnet is wrapped with 1.76 
ohms of cotton-insulated copper wire. No. 18, B. W. G., and 
the armature with 0.92 ohms of No. 21 of the same. The 
novelty of the machine lies in the mode of giving rotation 
to the Siemens armature, and of switching into the firing 
circuit the powerful induced current. Both objects are accom- 
by the firing-bar, which consists of a square brass 



* Fig. II.— End View. Fio. 12.— Side View. 

rod, 14 by } by J inches, fitted with a wooden handle at one 
end, the other end passing down into the box. One side of the 
bar is provided with teeth which engage in a loose pinion, C, 
fitted over the prolongation of the armature spindle. A clutch 
holds the pinion to the spindle when the rod is descending, but 
leaves it free when the latter is rmsed, thus restricting the 
revolutions of the armature to one direction only. When the 
firing-bar reaches its lowest position, it strikes the brass spring 
which forms part of the interior circuit; and, if in rapid motion, 
the shock breaks the circuit and thus shunts the current into 
the firing circuit. 
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In passing from the top to the bottom of the box, the rod 
causes seven and one-half complete revolutions of the armature; 
and, if the movement be the result of a sudden and downward 
pressurti, this is enough to develop a powerful electrical current. 

This form of exploder is very compact and strong, and not 
liable to get out of order except through very rough usage. 

The machine may become temporarily deranged through 
two causes: 

1st. Dust or some foreign substance may find its way be- 
tween the platinum contacl^points between Z> and E, Fig. 11. 




•^ 



By removing the screws that hold it in place, the rear of the 
case may be removed and the trouble remedied by using a piece 
of fine emery-cloth. 

2d. Trouble may arise from the surface of the commutator 
becoming tarnished. In order to cleanse it, remove the rear of 
the case as before, and also the small pin near the lower end of 
the firing-bar, and then withdraw the firing-bar from the caae. 
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The works of the macluDe, with the shelf upon which they rest, 
are next partially removed from the case, and the springs which 
press upon the commutator, and the yoke wliich holds in place 
the spindle upon which the commutator revolves, are discon- 
nected. The commutator may then be cleaned with a piece of 
fine emery-icloth. 

Proper attention to these details and careful preparation 
of the wires and fuses save a vast deal of trouble, and cannot 
be too strongly insisted upran when success is absolutely neces- 
sary and time is to be saved. 

To use the exploder, note that safety precautions have been 
taken by all persons; clean the- lead ends; attach cleaned ends 
to the binding-poets ((?, Fig. 13) of tlie exploder; raise the firing- 
bar' {B, Fig. 13) to its full height; force the firing-bar down 
with firm, rapid, uniform stroke, keeping the bar vertical. 

In some recent forms of this exploder, there are three binding- 
posts for firing a larger number of primers than can be fired by 
two. The third post is connected at a central point of the 
group of fuses; the current goes out on this central line and 
divides over the two return routes. The reastance is thus 
lowered, so that a sufficient current is developed to fire the 
primers in each return route. 

1 Tba firing-bu ■bould be kept down at all times, except in tbe act of 
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Dguolitions may be divided into two kinds: (1) deliberate 
and (2) hasty. 

In the case of deliberate demolitions, time is not an im- 
portant factor in the prehminary arrangements, and economy 
of means and material may be given due consideration. 

In hasty demolitions, the saving of time is the controlling 
condderation. Tamping, and other means of economizing the 
quantity of explosive required for a given demolition, must often 
be neglected, and hence hasty demolitions require relative 
larger quantities of explosives than deUberate demolitions. 
Hasty demolitions only are considered in these notes. 

When the demolition requires mass effect, a progressive ex- 
plosive like gunpowder is to be preferred to a high explosive. If 
a local shattering effect is desired, the latter is to be preferred. 

With gunpowder, tamping is essential if a good effect is to 
be had. Tamping is not so important with dynamite, gun- 
cotton, and other high explosives. The full effect of dynamite 
is obt^ned when the tamping is equal in thickness to the thick- 
ness of the mass to be destroyed; with gunpowder, the tamping 
should be IJ to 2 times thicker. 

Demolitions may be "moderate," in which the fragments- 
remain at or near the point of explosion; or " violent," in which 
the fragments are scattered and thrown to some distance. 

In destroying masonry revetment walls, the charge should 
be placed on the back of the wait on a level with the foot of it, 
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and along the lei^^ of the wall to be demolished. For this 
purpose a gallery must be driven through the revetment and 
extended right and left behind it. The charge should be suffi- 
cient to destroy the wall, and should be covered in the gallery 
through the revetment with earth 1} times the thickness of 
the wall. If the wall have buttresses, there should be an addi- 
tional charge and tamping opposite these points. The foot of 
tiie wall may be reached by a shaft from above, instead of a 
gallery through it. The lateral galleries should be run the 
same, however. 

The resistance of ordinary masonry may be taken at 1^ 
times that of a mmilar thickness of earth. A tamping of earth 
over the charge double the thickness of the wall should be 
sufficient. 



Buildings. 

Large buildings with substantial masonry walls should have 
the charges laid at intervals all along the ground at the foot 
of the outdde walls. A ditch dug parallel to the line of chaises 
will furnish earth for tamping. 

If the charges be let a short distance into the wall, the 
charge may be smaller and the tamping reduced. 

It would be better to place the charges inade, but, as a 
rule, the interior arrangements, floors, etc., interfere, and it is 
difficult to get sufficient earth for tamping. 

When there is difficulty in getting earth for tamping it 
may be necessary to blast the walla down. 

Blasting is effected by relatively small charges of explosives 
placed in holes of small diameter called "bore-holes." It is 
resorted to only where hard, rigid material is to be removed, 
such as rock, masomy, etc. The charge must be put in the 
form to fit the bore-holes. The stick form of dynamite is a 
convenient one to ehai^ bore-holes. 

The positions of bore-holes with respect to the mass to be 
demolished are important. 
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The direction of maximuiii effect is at right anglea to the 
bore-hole oppofflte the center of the charge. 
The chai^ should be so placed that the 
"burden " of the charge is on this Une. This 
line of the "burden " of the chai^ is the 
"line of reastance," abbreviated L.R. It is 
the longest line from the charge at right 
angles to the bore-hole in the direction the 
explosive effect must be carried. 

The angle of the bore-holes should be less 
with the face of the mass, the harder and 
more tenacious the latter. 

When there are two free surfaces the 
■ bore-hole should be run parallel to the ^"^ ^'■ 

longest free aide, as illustrated in Fig. 16: ocb -probable 
crater. 

If the mass be vertical and have an undercut, as in Fig. 17, 
the bore-hole should be driven at least beyond the angle at d. 
The depth of the bore-hole should be at least J A.D. If the 
side AD is not parallel to the bore-hole ac, then L.R. is the 
Umgeai perpendicular to the charge. Id all cases the dze of 






the charge must be adjusted to this longest perpendicular. If 
this is not done, a small crater like jA might be made, leaving 
the rest of the mass undisturbed. 
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A vertical-face undercut without a top surface should be 
arranged as in Fig. 18, the bore-hole being parallel to the 
undercut face. 

When several bore-holee are placed in series the distance 
between them should be equal to the I^ when fired 
separately, and equal to ^ L.R. when fired simulta- 
neously. 

In char^g a bore-hole, as many sticks of dy- 
namite or other explosive as may be required, ac- 
cording to the computation for the charge, are 
placed in the hole, pressed firmly with a wooden drift 
until the sticks are in close contact with each 
^°' '*' other and with the sides of the bore-hole. The 
primer-cartridge is placed in last. A paper or cloth wad is 
placed over this, and the whole ia tamped with sand or other 
material. 

The weight of charge in ounces may be computed by the 
following formula: 

Let C - total charge in ounces. 

c-chai^ per foot run of bore-holee in ouncefl, i.e., 
C 
length of bore-hole in feet. 
L.R. -line of reastance m feet. 

k -coefficient of resistance of the mass to be blasted, 
£- length of boie-hole in feet. 
Then 

(?-A(L.R.)», 

* (L.R.)a' • 

O 

k is determined by experiment for the material to be blasted. 
When not known, and there is not time to determine it, it may 
be taken as 0.2. 
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For blasting purposes dynamite or ezplorave gelatin Is, as a 
rule, more convenient than gunpowder or guncotton. 

Buildings can, as a rule, be demolished more economically 
and readily by blasting charges placed in the walls than by 
charges placed along the bottoms of waUs and covered with 
earth. 

Chaises of black gunpowder will be efFective in demolishing 
walls when placed at the middle of the wall, provided the charge 
is in compact form, and the diameter of the bore-hole is greater 
in inches than the wall is thick in feet. 

In boring into walls, the holes should elant downward 
toward the middle of the wall at an angle of 45°. The middle of 
tiie wall will be reached when the bore-hole is l^^ L.L.R.' 
The hole must then be lengthened so as to contain one-half the 
charge, and to bring the center of the charge at the nuddle of 
the wall. 

The amount of explo«ve may be reduced by cutting away 
portions of the wall, leaving only piers to be demolished. 

If the strength of the wall varies from point to point by 
buttresses or other construction, the charge must be increased 
at such points. Bore-holes may be driven as follows: 

Single. — Slant downwards at 45", alternating on opposite 
ddes of the wall. 

V-shaped. — Same, but directly opposite each other, meeting 
at the middle of the wall. 

X-ahaped. — Same, but crossing at middle of wall. 

The t^Ie on page 247 gives the charges of black powder 
required for demohtions when placed twice the line of least 
resistance apart. 

If the holes have to be made with a diameter in inches 
less than § L.L.R., 7 or X holes may be used with diminished 
intervals, or two parallel holes cut side by side and the partition 
between them cut away. 

' L.L.R.-n line of least roBietance; it is that line diawa outw&rd from the 
charge along which the resiatance is smalleet. 
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Bridges. 

Tlie destruction of bridges is an important division of demoli- 
tions. Usually the time available for preparation is brief; 
traffic over the bridge cannot be interrupted during .the prep- 
aration; and, finally, the destruction must be accomplished 
suddenly when the proper time has arrived, and the demolition 
must be certain and complete. 

The proper way to destroy a masonry bridge of a single arch 
is to demolish one or both haunches. 

A bridge having piers should have the charges placed at the 
bottom of the [»ers, and several charges should be placed rather 
than one large one, mnce the risk of failure of a single charge 
■should not be run; several charges should be placed at 2-Iined 
intervals.' 

The arch of a bridge offers greater resistance to destruction 
than a plane surface. The charge should always be placed on 
the haunch and bo that c& is the L.L.II.; its resistance being 
less than ca, or any other line out from c to any surface. 

In order to insure these relations, ca or any other line should 
be equal at least to 3 c&. The distance between charges across 
the width of the bridge should not be greater than 2 dt. 
' Intervals apart equal to 2 L.L.R, 
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If the charge is to be destroyed with a single charge, the 
L,L.R (d>) E^ould be made equal to at least j the width of ' 
the bridge. Except with very narrow bridges, it would be 
better to use multiple charges. 

A sin^e charge placed at the crown is not advisable, for the 
reason that it may simply blow out the -crown, as iudicated 




by the lines xx' and yy', making the repair of the bridge a com- 
paratively simple matter. It might be that this, in some 
special case, would be desired; then an overcharge should be 
distributed across the bridge along the crown, midway between 
the roadway and the surface of the crown. 

When there is not sufficient time to place charges to destroy 
the haunches, several rows of charges should be placed over the 
arch, as shown at ddd. The distances between these charges 
across the width should not be greater than 2 L.L.R. The 
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L.L.II. should be regulated by the depth of the stones forming 
the arch. It should not, as a rule, be less than 1} feet nor 
more than 5 feet: if less than the former, the charges would 
be too small; if greater than the latter, too large. 

Another method of arranging the charge is to place it in a 
trough suspended below the arch. This answers better for 
high explosives than for gunpowder. 

Wooden bridges may be destroyed by explosives, cutting 
through the important ties or struts of the middle section, or. 
by burning or cutting or sawing through the important members. 

The following empirical formula is given by Captain H. 
Schaw, R.E,, for determining, the charge of powder required 
to demolish a strongly built masonry arched bridge, when the 
charge is well tamped and placed over the haunch, at a depth 
below the roadway equal to twice the distance through to the 
surface of the arch: C-3(L-L.R.)^XB. 

i Placed in a shallow 
trench along crown on the 
keystone, with excavated 
material placed over it. 
In which C is the total charge of powder in pounds required for 
the chai^ in a single mass, or in line across the bridge; L.L.R is 
the line of least resistance ; B is the breadth of the bridge in feet. 
When a bridge is wide, the charges may be placed, without 
stopping traffic, by sinking a shaft in the middle of the roadway 
and placing a board cover over the shaft. When the bridge is 
narrow, the charges may be placed by running galleries from 
the side walls. If the mining be difficult and the time limited, 
it may be necessary to resort to overcharged mines. 

Iron-girder Bridges. 

These bridges should, as a rule, be destroyed by demolishing 
the girders, their members or parts, rather than by blowing up 
the piers, unless there be ample time and it is desired to effect 
the greatest damage possible. 
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Girders may be Bolid and continuous, as in the simple I-beam 
girder, or they may be in the form of a built-up truss. 

Where there is a continuous truss across sevenJ spans, the 
shore spans should be cut near the first pier, thus: 




Fio. 20. 

Cut at XX'. If the spans are large, usually it will be sufficient 
to cut one span. 

When the girder is not continuous, but rests separately as 
a single span: 

(o) If it consist of a single span of uniform croas-section 
throughout, as is usually the case with small bridges, cut near 
both ends, thus: 



Q>) If it consist of a truss, or strengthened beam, cut at a 
point near each support just before the first strengthening or 
thickening of the parts begins, thus: 

'VM/1/1/l\l\KKhf 



Spedfic rules cannot be laid down for cutting each separate 
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type of truss, but there are certain general rules, such as those 
just given, which may be tat^n as a guide. 

To insure complete destruction, the cut should be tEiade 
through the entire truss. When there is not available suiScient 
explosive for cutting through a whole truss, the upper and 
lower chords should be cut. If there is not enough for both 
chords, cut the teTision-chord of the panel rather than the com- 
pression-chord. 

With a solid I-beam girder, the explosive should be 
placed on both top and lower flange and against the web 
between. 

Curved girders, whether solid or built up open, should be 
cut completely through on both haunches, if possible. 

Suspension bridges should be cut through each cable, either 
at the middle of the cables or near the anchors; the former for 
large bridges and the latter for small ones. 

Large iron-truss bridges on stone piers may be most effectu- 
ally destroyed by blasting the piers, but this should be attempted 
only when there is ample time. Small girder-bridges may be 
pried by levers off their piers or abutments, if no explosives 
be at hand. 

Iron-truss bridges may be destroyed also by fires built 
agunst the important struts or ties; when red-hot, the heated 
members will give way and the structure will collapse. 

Suspension bridges may be destroyed by uncoverii^ and 
destroying the anchorages of the supporting wires, by destroy- 
ing the supporting pier below the saddle, or by cutting through 
the wires at the middle. 

In blasting stone piers, charges should be at two-lined 
intervals in the middle of the pier, computing the size of the 
chai^ by the following formula : 

- J(L.L.R.)3. 
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Iron Plates. 

^ To cut iron plates, the charge must extend along the entire 
line to be cut. The weight of charge in pounds may be com- 
puted approximately from the following formulas: 

Por wrought iron or soft steel : C = jB(*. 
Tor cast iron: C=\bi^. 

£=- length to be cut in feet. 
2 H thickness of plate in inches. 

Laminated plates should be treated as solid. Care should 
be taken that the contact of the chai^ with the plate is doae 
throughout. 

Subaqoeoos Demolitioiis. 

The most common subaqueous demolitions are the blowing- 
' up of sunken hulks, cutting down piles, and removing rocks 
from channels. 

Hulks are broken up by exploding latge single charges 
inside of the hulk. For this purpose, it is necessary for divers 
to go down into the hulk to place the charge. 

Guncotton is a convenient explosive for under-water demoli- 
tion, as its explosive force is not diminished by beii^ wet. It 
13 only necessary to arrange in the charge a primer of dry gun- 
cotton. 

If dynamite or powder is used, it is necessary to inclose the 
charge in a water-tight case. Various common articles may be 
found to answer for & case, such as beer-barrels, iron sewer-, 
gas-, or water-pipes, lead pipes, rubber tubing, fire-hose, etc. 

Explosive gelatin is unaffected by water, and, like guncotton, 
may be detonated if a primer of the dry explosive be used. 

Single piles may be cut by using an encircling charge, in the 
form of tubing or hose, or by a ^n^e charge held in place at the 
proper height. The single charge may be fastened to a long 
beam, and the latter used to press the charge against the pile. 
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If a row of piles ia to be cut down, tiie same principle may 
be applied. Fasten an extended charge to a heavy plank; 
attach the latter to two or more beams or scantling; lower until 
the ends of the beam bite into the bottom; lash the upper ends 
of the beams to the top of the piling, pressing the chai^ ti^tly 
up against the piles. 

The chaises for subaqueous demolitions may be considered 
as "tamped " charges, and the weight of charges computed for 
piles by the same formulas as ffven for hard-wood trees and 
stockades. 



■asonry Tmniete. 

Ether the crown of the arch or the ade-wafls may be at- 
tacked. To prepare crowns of arches for demolition sh^te 
may be sunk from above or galleries run from the ends, or 
openings made through the wall or arch and galleries run 
laterally from these. The side-walls may be prepared for 
demolition by opening holes throu^ the wall, and running 
galleries laterally, or running galleries from the ends behind 
the walls, as explained for masonry revetment walls. 

If time is hmited, the charges may be placed along the foot 
of each wall and tamped. 

If it is dedred to break-in several yards in length of the 
tunnel, " over-charge " charges should be placed some dis- 
tance along the arch or walls behind them, reckoning the 
resistance equal to two or three times the tbicknras of 
earth. 

The. part of a tunnel selected for destruction should be, if 
possible, some distance from either end. Ventilating shafte may 
easily be destroyed, and some tunnels thereby rendered unser- 
viceable. If the subsoil is plastic, or contains water under 
pressure, great damage may be done by opening a hole through 
the foundation. 
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Stockades or Bairiere. 

The chat:ge should be placed along the bottom and tamped ; 
a EQi^e row of charges of dynamite or other explosive will 
usually be sufficient. The strength and character of the barrier 
must be considered. 

An ordinary stockade or barrier-gate will be broken in by 
the equivalent of 40 to 100 Iba. of black powder fastened near 
the lock. Larger and stroi^r fort-gates should be attacked 
witii the equivalent of 200 lbs. of powder placed along its 
bottom. 

Demolition of Railroads. 

The destruction of railroads may be divided into three classes 
of operations ; 

1. Those looking to the reodering of a particular 
portion of the line unserviceable for a Umited time. 

2. Thoae looking to the total destruction of ttie rwl- 
road, itfl works and rolling-stock. 

3. Hasty demolitions having in view the production 
of the maximum amount of damage at some point or 
section in a limited time. 

In classes 1 and 3, it is necessary to know the time limit. 
A reconnussance should precede each, so that the precise 
nature of the work to be done may be ascertwied and tiie neces- 
sary tools, material, and men may be determined. 

The railroad may be within the enemy's line and be in use 
by him, or it may be within our own lines and its destruction 
made advisable, in order to prevent its use by the enemy at a 
subsequent time. In the latter case, all rolling-stock and mov- 
able property should be collected at a safe interior point. 

Buildings, storehouses, workshops, etc., need not be de- 
stroyed. The machines may be rendered tiseless and engjnes 
disabled, but buildings should not be destroyed; water-supplies 
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especially should only be subjected to injury that may be re- 
paired later. The demoUtions should include lighting and signal 
appUances, switches, bridges, tunnelB, embankments, cuts, etc. 

Apart from the removal and destruction of particular 
pieces of property, the simplest and quickest method is to 
destroy the rails by explosives. Two sticks of dynamite or one 
block of guncotton, fastened by wire or cord close to the web 
of a steel or iron rail and detonated in that position, will com- 
pletely destroy that portion of the rail. A string of cartridges 
may be applied in this manner, one charge to each rail, placed 
in series and exploded at the same time, thus destroying a 
great lei^th of track instantaneously. 

Land-miiieB. 

The nomenclature and essential data connected with the use 
of explosives in land-mines are here briefly ^ven : 



Let AB represent the original surface of the ground; C, the 
position of the center of the charge; CL, the line of least resist- 
ance. 

After explosion, the crater will take the form cdef, with 
the crest, abc-fgh, about it. 

The line c/ is the diameter of the crater; Lf is the radius 
of the crater. 

The radius of explosion is ZX?, the distance through the earth 
to which the effects of the explosion extfend. When a crater is 
formed, the horizontal radius of explosion is greater than the 
vertical radius; when there is no crater, these two radii are 
equal. In the former case the volmne included in the effects 
of rupture is a spheroid; in the latter case it is a sphere. 
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When the radius of explosion is greater than the line of 
least resistance, the mine is an "overcharged mine "; when 
less, an "undercharged mine "; when equal, a "common mine." 

The following formulas give the charge of black powder, or 
equivalent, required to form these mine craters: 

k 
For overchai^ged mine: C-.TQ[L.L.R.+0.9(r-L.L.ROP. 

k 
For undercharged mine: C-^L.L.R.-0.9(L.L.R.-r)f. 

C— chai^ in pounds. 
L.L.R. =line of least resistance in feet: 
r=radJu^ of the crater in feet. 

k ^a constant depending on the nature of the Boil. It 
maj be given the following values : 

For very light earth. 0.8 

' ' common earth 1 . 

" hard sand ^ 1.25 

" earth and stones 1 .45 

" clay 1.56 

* ' inferior brickwork 1 . 65 

" rock and good brickwork 2.25 

" best brickwork and masonry 2.50 

Arrangement of Charges 

The charge may be applied either concentrated in one mass, 
or extended in a long line. In ease the object to be demolished 
ia a piece of rectangular shape and small in dimensions, like a 
beam, or round like a tree or pile or mast, a modification of the 
latter form of charge may be used by encircling the beam or 
tree with the extended charge. A piece of rubber hose is a 
convenient means of holding the explosive. 
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In case a piece of hoee is not available, an encircling charge 
may readily be arranged by distributing the explosiwe on a 
piece of canvas, or other strong cloth of suitable length and 
width, and the cloth rolled over so as to form a long cylinder; 
this should bt overwrapped spirally with strong twine and 
laehed snugly about the object to be destroyed. 

In all cases, all parts of the charge should be brought into 
the closest possible touch with each other, and the whole charge 
with the surface of the object to be demolished. 

For breaching or cutting through a plane surface of any 
kind, the charge may be attached to a plank, the parts being 
lashed tightly to the plank and in close contact with each other. 
The whole plank may then be applied to the surface of the 
object to be demolished. 

Such objects as trees and wooden beams may be cut conve- 
niently by charges placed in auger-holes bored into them. The 
auger sould be about two inches across its bit. The hole should 
be bored along a diameter of the tree, or perpendicular to the 
axis of the beam. If one hole will contain the charge, only one 
should be bored; if one hole is not sufficient, others should be 
bored, meeting at the center, or parallel to the first. The 
centers of charges should be at middle of the tree or beam in 
each hole. 

TABLE OF RELATIVE STRENGTHS OF VARIOUS HIGH 
EXPLOSIVES. 

Nune o{ ExplosiTe. 

Explosive g^tin 

NitroglycerinB 

Guncotton 

Dynamite, No. 1 

Rackarock 

Melinite sjid other picric-acid explodvee 

Black gunpowder ia miuUl graina 

A stick of dynamite weighs about 6.73 oM. (190 gnna.). 
A disk of guDcotton weighs about 10.63 ok. (300 gnnB.). 
A stick of explosive gelatin weighs about 1.42 oi. (40 gnna.). 
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SDUHARY OF CHARGES FOR HASTY DEHOLTTIONS. 

(DSmO DTMAHITB OR QUKCOTTOM CHABOES.) 

£•- length of breach to be made in feet. 
T— thickness of object to nhich charge is applied in feet. 
1 —thickness in indtes of iron pla(«. 
These charses are for untamped coaditioos; if tamped, they may be 
reduced one-h^. 

When prepared in great haste in the presence of the enemy, increase the 
charges one-half. 



ObiaM 



Bard-wood trees, round. . 
Hard-wood beam, rectangular 

Bard-wood stockade or 



Iron-rail stockade or barrier. . 

Hard-Wood tree, round 

(Soft-wood objects require 
only one-half of the charge 
reauired by the aam- -•-=—' 
in nardwood.) 

Brick and masonry revet- 



Detached masoniy or brick 
wall, over 2 feet thick. 

Detached masonry or brick 
wall leas than 2 feet thick. 

Masonry piers of bridges. . . 

Masonry arches of bridges. . 
Field- or siege-guns or R. F. 

guns. 
Largo seacoast guna 

Steel rails 

Inflammable buildings or ma- 
terials may be igmtod by 



7 per 
foot. 



Jibs. 

dry gun- 
cotton. 



Also piles, masts, etc., encircling 
charge or single charge outside. 

S— longer side of cross-section, en- 
circling charge or single charge 
outside. 

£— length of breach; T'^maximum 
thicluiess of stockade; single 
charge. 

This is for breastnorks 2 to 3 feet 
thick, made of earth rammed be- 
tween planks or railway sleepers. 

This made of iron rails touching each 
other, placed in ground on end. 
"^sm^Iest diameter of tree; auger- 
hole charge. Hole bored rwli^y, 
BO that center of charge shall be at 
center of the tree. 

Charge placed behind revetmeDt 
against its back surface; for scarp- 
walls of fort« and surfaces of 
tunnels. 

Gates of forts, armories, etc. 
■ thickness in inches. Laminated 
plates same as solid. 
over 2 feet thick. 

Charge calculated by last formula 
would be too heavy, and simply 
blow a hole through the wall. 

Placed against the pier in close con 



In bore lamped from the breech and 
miuzle with sand or earth. 

Lashed tightlv to the web of the rail. 

Disk should be simply ignited, not 
delonat«d. 
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LABORATORY EXPERIMENTS. 

The following simple experiuiente illustrate the chemical principles 
eet forth in Principles of Chemistry, Part I: 

EXPERIMBNT No, 1. 
To illustrate the formation of a metallic oxide, and the influence of 
temperature in the action of chemical affinity (paragraphs 31 and 116). 
Apparaius and Materiaia: 

1. Blowpipe. 

2. Small piece of charcoal, about three inches long. 

3. Gas- or lamp-flame. 

4. Forceps. 

5. Small piece of iron. 

6. Small piece of copper. 

7. Small piece of Bine, 

8. Small quantity of mercury. 

Preparalion: Make a small depression near one end of the charcoal. 
Scrape clean the surface of charcoal in this depres^on and the sur- 
face adjacent thereto before using the blowpipe. 
Procedure: 

(a) Take ft small piece of iron, brighten it with a file or emery-paper, 
place it in the depression in the charcoal and bring to bear on 
it the outer point of the blowpipe-flame. The bright surface 
of the iron becomes dull, due to the combination of the oxygen 
of the air with the iron under the influence of the heat of the 
flame, and the formation thereon of a film of black iron oxide. 
(6) Repeat (a), using a piece of copper; its oxide is also black. 
(c) Repeat (a), using a piece of zinc; note the coating of zinc oxide 
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on the surface of the charcoal new the depression, which ia 
yellow when hot and while when cold. 
(d) Repeat (a), uang a email globule of metallic mercury; note the 
coating of mercury oxide on the charcoal, which is red. 

ExPBHiUENT No. 2. 
To illusti^t« the formation of metallic hydiozidee (paragnyihs 58 
to 63).' 
Apparatus and Maieriala: 

1. Small piece of metalUc sodium. 

2. A porcelain surface. 

3. Distilled water. 

4. A small glass tube for use as a dropper. 

5. A small quantity of fat (unslaked) lime. 

6. A [Kircelain bowl. 

7. Solution of zinc chloride. 

S. Solution of potassium bydrozidQ. 
9. Two small beakers. 



(a) The formation of tlte hydroxides of tlie alkaUne metals 
(K, Na, Li, Cs, Rb). Out a thin slice of metallic sodium 
and place it on the porcelain surface. Add water carefully 
with a dropper. Hydrogen is liberated from the water. A 
sUght explosion may occur. A crusty grayish residue of 
sodium hydroxide is left on the porcelain surface. The re- 
action is as follows: 

Na+H,0-NaHO+H. 

(6) The formation of the hydroxides of the alkaUne-earth metals 
(Ca, Ba, Sr, Mg). Phice a piece of fat (unslaked) lime, about 
the size of a bean, in the porceliun bowl. Add water until 
the lime is half covered. The process of "slaking" will take 
place, the fat lime swelling and crumbling up and finally 
reducing to a fatty, pasty mass with evolution of considerable 
heat. The resultant pasty mass is calcium hydroxide. The 
reaction is as follows: 

CaO+I^O-Ca(HO). 
1 See also Experimenta Nob. 22, 23, and 24. 



db.Googlc 



LABORATORY EXPERIMENTS. '$7 

(e) Tbe formation of the hydroxides of metals other thaa the alka- 
line and alkaline-earth metals. Take a. small quantity of the so- 
lution of potaadum hydroxide in one of the beakers, and a small 
quantity of the solution of linc chloride in the other beaker. 
Pour one solution into the other. The mixed solution now 
has a milky-irtiite opaque appearance. This is caused by 
the productioQ of the insoluble zinc hydroxide. This reaction 
also illustrates the principle of insolubility (paragraph 116). 
The reaction is written as follows: 

ZuO, + 2KH0 - 2Ka + Zn(HO)^ 

BotutioD SolutioDiif SolutioDaf Solid pm' * ' 

ot BDo potannm potauhus D( liii 

•hloiida hydmxlda ohlcxida 



To illustrate the formation of non-ipetallic oxides {paragraph 31). , 
Ji.pparalus and MateriaU: 

1. Small quantity of calcium carbonate (marble or chalk). 

2. Small quantity of hydrochloric acid. 

3. Small quantity of roll sulphur. 

4. Porcelain dish. 

5. Small quantity of alcohol. 

6. Small glass funnel. 

7. Small piece of filter-paper, colored blue by having been dipped 

in solutJOD of indigo. 

8. Nitric add. 

S. Small piece of tin. 
10. About 3 feet of rubber tuUng to fit funnel above. 

Procedure: 

(a) Carbon dioxide. Drop a small quantity of hydrochloric add 
on the caldum carbonate. Effervescence will occur due to 
' the escaping carbon dioxide. A piece of moistened blue litmus 
held in the escaping gas will be turned red, this being a test 
of the addity of the escaping gas. A lighted match held in 
the gas is extinguished, exhibiting the power of carbon dioxide 
to extinguish flame. If the escaping gas is collected undei 
the glass funnel, the rubber tube be attached to the neck of 
the funnel, and the gas conducted into some clear lime-water, 
the latter wUI become turbid, due to the formation of the 
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precipitate of ioaoluble calcium carbonate. The reactions are 
as follows : 

1. CaC0,+2Ha"CaCl,+H.0+00- 

2. CO,+CalH0),-CaC0, + HA 

Boliil 
preeipit&te 

Qj) Sidpkur dioxide. Take a piece of roU sulphur about the size 
of a beau, place it in the porcelain dish, pour a little alcohol 
in the dish, and ignite the latter. The sulphur will soon be 
igiuted by the burning alcohol, and will burn with a blue 
flame, giving off an exceedingly pungent odor, due to the gas, 
Bulphilr dioxide, which has been formed. This gas has the 
property of extinguishing Same, and gives the acid test with 
moistened blue litmus. It also has the property of bleaching, 
aa may be illustrated by moistening the blue filter-paper and 
placing it in the neck of the glass funnel while the latter is 
held over the burning sulphur. The reaction is as follows: 

8+0, (oxygen of the au'>-SO,. 

(c) Nitrogen dionide. Take a small piece of tin, about A " square, 
place it in the porcelain dish and pour on it some nitric acid. . 
Nitrogen dioxide will he evolved as a gae; if the reaction does 
not readily take place, dilute the acid with water. The gas, 
in coming ofi, gives rise to reddish fumes, llie odor is very 
pungent. The reaction is as follows: 

HNO, +2H,0 + Sn - H^O, + NO, + H,. 

Experiment No. 4. 
To illustrate the direct combination of an acid oxide and a basic 
oxide or basic hydroxide (paragraph 32). 
Apparaius and MaleriaU: 

1. Small piece of lime. 

2. Shallow porcelain dish. 

3. Distilled water. 

4. Filter-paper. 

5. Small glass funnel. 

6. Short piece of rubber tubing. 

7. Small beaker. 

8. Woulfe bottle. 

9. Calcium carbonate (marble, chalk). 
10. Hydrochloric acid. 
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Procedure; 
. (a) Acid oxide and basie oxide. Water for this purpose may be 
conddered aa acid oxide, being the combioation of a non- 
metal with oxygen, aad lime the basic oxide. Place a small 
quantity of lime in the porcelain dish. Cover it half with 
distilled water. The phenomeuon of "slaking" described in 
(b), Experiment No. 2, will take plac«. The experiment and 
reaction are in all respects the same as ia that experiment. 
(6) Acid oxide and basic hydroxide. Take carboa dioxide aa the 
acid dioxide, and calcium hydroxide aa the base hydroxide. 
Generate the carbon dioxide as follows: Place a small quan- 
tity in th Woulfe bottle. Attach the rubber tubing to one 
neck. Pour hydrochloric add in through the other neck, 
then close the latter with a rubber stopper. Carbon- dioxide gas 
will be generated in the bottle and paaa out through the rubber 
tubing. Conduct this into a beaker filled with lime-water 
(water oontuning calcium hydroxide — slaked 'ime — in solu- 
tion). The dear lime-water will become turttd as soon aa 
the carbon dioxide enters, due to tiie fonnation of insoluble 
caldum carbonate. The reactioQ is 

Ca(HO).+CO,-H,0+CaCO,. 

ExFERiuBNT No. 5. 
To illustrate the fonnation of an oxyacid (paragraph 45). 
Apparatus and Materials: 

1. Apparatus and materials required for (b), Experiment 3. 

2. Apparatus and mat«riala required for (b), Experiment 4. 

3. Glass funnel. 

4. Iron-ring support for funnel. 

5. Rubber tubing attached te neck of funoeL 

6. Beaker. 

7. Distilled water. 



(a) Generate SO, as in (6), Experiment No. 3. Support funnel with 
tubing attached over burning sulphur. Conduct SO, through 
tubing into distilled water in beaker. The water and SO, 
unite, forming sulphurous acid. The reaction is 

S0,+H,0-80,H,. 
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(ft) Generate CO, m in (6), ExperiioeBt No. 4. Conduct through 
tubing into diatilled water. A certain quantity of CO, will 
remain in the water, thifl quantity depending on tlie presaure. 
Hie resulting liquid is carbonated water. It is sometimes 
called carbonic add. 

EXPRRDIXNT No. 6. 

To illustrate the formation of a hydradd (paragraph 50). 
Apparabu and Maieriaii: 

1. Solution of common salt in a beaker. 

2. Sulphuric add. 
Avcedure; 

Add sulphuric add to solution of common salt. Hydrochloric add 
will escape as a gas. The reaction ia 

2NaCl+^.-Na^,+2Ha 

EXFBKIUBNT No. 7. 

To iDuatratA the property of an acid to exchange its hydrogen for a 
metal (paragraph 52) . 

Apparatus and Materials: 

1. Metallic nnc. 

2. Silver nitrate solution. 

3. Hydrochloric acid. 

4. Beaker. 
Procedure: 

(a) Place a small quantity of HCl in the beaker. Drop in small 
pieces of sine until effervescence ceases. The HCl will have 
been changed to ZnCl. Tlie gas escaping ia hydrogen (H). 
The reaction is 

' 2H04-Zn-ZnCI,+Ht. 

<b) Place a small quantity of HC^ in the beaker. Add nlver nitrate. 
"Hie clear HCl will turn white with insoluble silver chloride 
formed. The liquid remaining ia nitric acid. The reaction Is 

AgNO, + HCl - HNO, + AgCl. 

Tbe ralver has displaced the hydrogen in the acid, and the 
hydrogen has been united with NO^ forming nitric acid. 
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EXPXBIHSNT No. 8. 
To illuHtrate the formation of an dim acid (paragraph 47). 
Borne aa (a), Experiment No. 5. 

EZFBBIMENT No. 9. 
To iUUBtrete tile formation of an ic acid (paragraph 47). 
Apparalvs and Materiaie: 

1. Potaasium chlorate. 

2. Manganese dioxide. 

3. Ignition-tube. 

4. Rubber tube. 
6, Beaker. 

6. Sulphurous acid from Experiment No. 8. 

Procedure: 

Uix tlie KClOi and the 0, and place in ignition-tube. Attach 
rubber tube to side neck of tube. Place cork lightly in top 
of tube. Apply heat gently. Oxygen will be generated and 
paaa out through rubber tube. TeBt for O by holding a match 
that haa been lighted and extinguished, but still has a spark. 
The latter will glow brightly and reignite the match in the O. 
Conduct this oxygen into sulphuroiM acid made as in Experi- 
ment No. 8. The oxygen will combine and produce H^Of 
Tlte reaction is 

O-t-H^i-R^, (sulphuric add). 

EXPISRIMIMT No. 10. 
To illustrate the formation of an ite salt (paragraph 48). 
Apparaiut and Materials: 

1. Material and apparatus for making SO, (a, Experiment No. 6).* 

2. Sodium carbonate in solution in water. 

' Instead of generating SOi by burning sulphur, it may be obtained from 
sulphuric acid as foHows: Arrange a WouUe bottle with rubber tube on one 
neck. Place some copper filings on the bottom of the bottle. Add HiSO, 
through the other neck until the filings are well covered. Close the latter 
neck of the bottle with a rubber cork. Heat gradually and carefully. Bubbles 
of 90i will soon rise and paaa out through the rubber tube. The reaction ia 
Cu + H,SO, - CuSO, + 2H^ + SO,. 
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Procedure: 

(a) Place a small quantity of the solution of sodium carbonate in a 
small beaker. Pass the gas SO, into the aolution of sodium 
caibooate. Sodium sulphite will be formed. The reaction is 

NaCO,+H^ +2S0. -2NaHS0. + C»r 



(6) If more NaOOi be added to the solution of acid sodium sulphite, 
the normal sodium sulphit« will be formed. The reaction is 

2NaHS0. + NaCO. -2Na^. + H/) + (X>r 

Narnui sodium 

(c) If the normal sodium-aulphite solution be mixed with a solution 

of a non-alkali metallic salt, the insoluble sulphite of the latter 
metal will be precipitated. The reaction is 

Na^,+2AgNO,-2NaNO,+Ag,SO,. 

(d) ^ver sulphite may be formed directly by passing the gas SO, 

into a solution of silver nitrate, the reaction is 

S0,+2AgN0,-Ag^,+N,0^ 

ElXPIiRIMXNT No. 11. 

To iUustrat« the formation of an ate salt <paragr^>h 49). 
AppartOue <aui Materiala: 

1. Small quantity of H,SO. in a test-tube. 

2. Zinc filings. 

3. Beaker containing a httle alcohol. 
Procedure: 

Drop srinc filings into the t«st-tube containing H,SOt until bubbles 
cease to rise (heat gently if necessary). The H^O^ has been 
changed to ZnSO.. The bubbles escaping are hydrogen. 
The reaction is 

H^.+Zn -ZnSO.+Hr 

^ce the sulphate of linc is insoluble in alcohol, it will be 
precipitated as a solid if poured into the beaker containing 
alcohtd. 
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EXPBBIHENT No. 12. 

To illustrate a Bynthetical reaction (paragr^h 27). 
Apparatus and Materials: 

1. Piece o( charcoaL 

2. Piece irf sulphur. 
Procedure: 

(a) Hold charcoal in flame of lamp or gas. It will glow uid waste 
away, illustrating "combustion." The carbon of which rfiar- 
coal is constituted combines with the oxygen of the air, 
forming CO,. The reaction ia 

C+0,+heat=CO^ 

(6) Same aa (b), Experiment No. 3. 

(c) Same as (a), (b), (c), and {d), Experiment No. 1. 



EXPERIHBNT No. 13. 

To illustrate an analytical reaction (paragraph 27). 
Apparoius and Materials: 

1. Small quantity of CaOO,. 

2. Ignition-tube with rut^r tulung attached to side neck. 

3. Beaker conttuning hme-water. 

Procedure: 

Pulverize CaOO» and fill the ignition-tube nearly half-full. Close 
top of tube. Heat gradually until gas passes out through 
rubber tube. Tia6 is CO,. If this gas be passed into the 
liffle-water, it will become turbid from the reformation of the 
insoluble CaOOi. The reactions are 

1. CaOO, + heat -CsO+CO,. 

2. 00,+Ca{HO).-CaCO. + HA 

All nitrates and all carbonates and sulphates, except those 
of the alkaliefl, are decomposed by heat, illustrating analytical 
reactions. 
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Ejcpbrihbnt No. 14. 
To illuBtrate s metatheticfJ Feaction (paragraph 27). 
Apparalua and Maleriaia: 

1. Solutioo of diver nitrate. 

2. Dropper. 

3. Solution of oommoa salt in a test-tube. 

4. Knc Glings in a test-tube. 
6. Hydrochloric acid. 



(a) Drop HC3 on the line filings. The H is displaced, passing oS 

as a gas and leaving ZnCli- The reaction is 

2Ha+Zn-ZnCl,+H,. 

(b) Drop AgNOi into the solution of common salt. The solution 

will be filled with the white curdy precipitate of silver chloride 
(principle of iosotubihty). The reaction is 

Naa + AgNO, - Aga -t- NaNO.. 

EbcFKRIHENT No. 15. 

To illustrate the influence of temperature on the action of '•-humifwl 
affinity. 

See Experiments Nos. 1 and 12. 

Experiment No. 16. 

To illustrate the influence of the hquid state on the action of chemical 
affinity (paragraph 116). 
Apparatu* and Maleriaia: 

1. SoUd iron sulphate. 

2. Sohd barium chloride in a porcelain dish. 

3. Solution of iron sulphate in a test-tube. 

4. Solution of bariiun chloride. 
Pnoedure: 

Mix the solids in the porcel^o dish. There will be no chemicd 
action ) however finely the substances be pulverized and 
mixed. Mix the solutions of the.same substances by dropping 
a little of the barium chloride in the test-tube containing iron 
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sulphate. Inatantl}' a reaction takes place, barium sulphate 
being formed aa a white predpitate (principle of ineolulxtity). 
The reaction is 

FeSO, + BaCI, - BaSO. + FeCl, 

Experiment No. 17. 
To iQuBtrate the infiuence of insolubility in producing reactioa (para> 
griqih 116). 

(a) See last part of last experiment; also (b), Experiment No. 14. 
(6) Apparatua onrf Materiala: 

1. Woulfe bottle with rubber tube attached to ^de neck. 

2. Small quantity of iron sulphide, FeS.' 

3. H^,. 

4. Solution of lead nitrate in a test-tube. 

5. Bottle oi distilled water. 
Froeedwe: 

Place a small quantity of powdered FeS in Woulfe bottle. Add 
U,80i. Heat gently. H^, sulphydric acid, is formed and 
passes off as a gas through rubber tube- Collect in bottle of 
distilled water until water will absorb no more; tlus is sul- 
phydric-acid solution. Drop a little of the sulphydric in the 
lead nitrate; inetanUy the Uack insoluble lead sulphide is 
formed as a black predpitate. The reaction is 

H^ (solution) + Pb(N0,),-PbS + 2HN0^ 

EXPKKUIBNT No. 18. 

To illustrate the influence of volatility in producing reactions (para- 
graph 116). 
Apparalua and MaieriaU: 

1. Powdered CaCO,. 

2. Powdered NH.CI. 

3. A large testr-tube. 
Procedure: 

Mix one part of CaCO, with two parts of NH,C1'. Place mixture 
in the test-tube. Heat gently. Since the substances contain 
between them the constituents of the volatile salt ammonium 

' FeS may be produced by mixing and beating together iron 6linge and 
powdered sulphur in a strong porcelain or eortben dish or in a crucible. 
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chloride, we find tbe principle of volatility operating and 
this salt formed and pasaea off as a gas; it may be condensed 
and collected as a solid by conducting it into a cooled recep- 
tacle. Tbe reaction is 

C8CO,+2NH,Cl+heat-(NB.)^,+CttCl,. 

.ExpERiuENT No. 19. 
To illustrate iite influence of tbe gaseous envelope (paragraph 116). 
Apparalu* and MateriaU: 

1. Iron filings. 

2. Small still or other apparatus for generating steam. 

3. Rubber tube attached to still. 

4. Glass tube attached to other end of rubber tube. 

5. Woulfe bottle. ^ 
Procedure: 

(a) Set up the still with some water in it over source of heat. Place 
some iron filings in the glass tube, and connect latter with 
rubber tube. The bright iron filings will become oxidized to 
FeaOt, the black oxide of iron, and hydrogen gas will pass off 
out (rf the free end of the glass tube. That is, iron is oxidized 
in an atmosphere of water~vapor, 

(6) Substitute for the still the Woulfe bottle, with some HCt in the 
bottle. Drop tn some zinc filings, generating H. Leave the 
Fe^, in the glass tube. Tbe H will now pass out through 
the rubber tube over the FegO, in the glass tube. Apply heat 
under the glass tube. The H will combine with the O of the 
FeiO„ passing off as H,0 vapor, leaving Fe behind, thus 
reversing the reaction in (a). 

Experiment No. 20, 
To illustrate catalytic action; that is, when a reaction appears to 
take place more readily, due simply to tbe presence of some substance, 
the latter undergoing no apparent change. 
Apparatus and Materuah: 

1. KCIO,. 

2. MnO,. 

3. Woulfe bottle with rubber tube attached. 
ProcedvTe: 

Ifi) Place some KCIO, in Woulfe bottle and apply beat. Note the 
degree of heat required to decompose the KCtOi- 
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(6) Place a mixture of KCIO, and about one-fifth its weight of 
MnO, in same bottle and apply heat. Note how much more 
readily the O passes off at a comparatively low temperature. 
The reaction is 

KClO.+MnO, + heat - KCl + MnO", + O.. 
This is the usual method of producing oxygen gas. Teat 
with match having a Bparlc; its glow will be gently increased 
when O is coming off. 

EXF^TMENT No, 21. 

To illustrate the priadple of "disposing affini^"; that is, a diaiucBl 
reaction that is due to the presence of a third substaooe and the latter 
is decomposed. 
Apparaivs and Maieriah: 

1. NaCl. 

2. H^O,. 

3. MnO,. 

4^ Woulfe bottle with rubber tube attached. 
Frocedwe: 

Place a mixture of NaCI and MnO, in the Waulfe bottle and add 
H^O,. Chlorine gas is given off, passing out through the 
rubber tube. If tbe experiment is tried without MnO^ HCl is 
produced instead of CI. Ihis is tlie usual method prpducing 
dilonoe gas. Ihe reaction is 

2Naa+MnO,+2H^,-Na^«+Mn80,+2H,0+CU 
If the HnOt is not present, tbe reactjon is 

Naa + H,80. - Ha + NaHSO^ 

ExpCRmiNT No. 22. 
To produce tbe alkalies (paragraph 58). * 
(a) Hydroxide of Polasnwn, 
Apparatus atid MateriaU: 

1. Solution of potassium carbonate. 

2. Clear filtered solution of slaked lime. 

3. Glass fuQDcl. 

4. Small beaker. 

5. Filter-papers. 

6. Test-tube. 



' See also Experiment No. 2. 
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Procedure: 

Place a small quantity of the solution of potaanum carbonate in a 
test-tube. Bring it to a boU over the flame. Add small 
quantity of 1ime>water. Calcium carbonate b predpitated aa 
a white finely divided predpitate. Airaoge a glass funnel 
and filter-paper over small beaker. Pour the clouded liquid 
on the filter-paper. The clear liquid that pamea through ia 
a solution of potassium hydroxide. It may be obtained in the 
solid form by evaporation. 

(b) Hydroxide of Sodium. 

Hydroxide of sodium is produced in tJie same manner, unng sodium 
carbonate instead of potassium carbonate. 

(c) Hydroxide of Ammonium. 
Apparatus and Materiah: 

1. Ammonia-gas, manufactured as explained in Experiment No. 29. 

2. Distilled water. 



Pass the ammonia-gas through a rubber tube inte the distilled 
watftr. The water will absorb the gas, and the resulting liquid 
is ammonium hydroxide (ammonia-water). The reaction is 

NH, (ammonia) 4- H/)-NH,HO. 
This substance exists only in the state of solution. 
Experiment No. 23. 
To produce the alkaline earths (paragraph 62).* 
(a) Caleivm Hydroxide. 
Apparatus and MateriaU: 

1. Small portion of unslaked lime. 

2. KstiUed water. 

3. Small porcelain bowl. 
Procedure- 
Place lime in the bowl and about half cover it with water. Tlie 

process of slaking will proceed, the fat lime swelling, crum- 
Uing, and forming a white paste, which is the hydronde of 
calcium. The reaction b 

CaO + H,0-Ca(HO)». 
' See also Experiment No. 2. 
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If sufficient water be added to the hydroxide, it will be dis- 
solved therein, forming the solution of c^eium hydroxide or 
lime-w&ter. 
(6) Barium Hydrojnde. 
Apparaiug and MatariaU: 

1. Solution of barium nitrate. 

2. Solution of sodium nitrate. 

3. Arrangements for filtering. 



Add the barium nitrate to the socUom nitrate, and filter tiie result- 
ing turbid Uquid. The insoluble filtrate Is barium hydnoide. 

EXPKRIUKNT No. 24. 
To produce the hydroxides of other metals (paragraph 63).' 
(a) Zinc Hydroxide. 
Apparatua and Materia: 

1. Solution of sodium hydroxide. 

2. Solution of Kinc chlonde. 



4 Petering arrangements. 
Procedure: 

Place a small portion of sodium hydronde in test-tube and add a 
small quantity of linc chloride. Zinc hydroxide will be 
formed as a white gelatinous precipitate. The reaction is 
2NaH0 + ZnCl, - 2NaCT + Zn(HO),. 
(6) Iron Hydroxide. 

Method of procedure same as just explained, substituting iron chloride 
for unc chloride. Iron hydroxide fonus a white precipitate. 

EXPERIUBNT No. 25. 
To produce oxygen.' 
Apparatus and Materials: 

1. Potassium chlorate. 

2. Manganese dioxide. 

3. Test-tube with rubber tube attached. 
Froeedure: 

Heat a mixture of potassium chlorate with about one-fotuth, by 
wdght, of manganese dioxide in an ordinary test-tube. Oxygen 
' See also Experiment No. 2. 
■ See alao Esperiment No. 20. 
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will be given ofF. Test for oxygen with a match with a spark at 
end. It will glow and ignite io the atmoaphere of oxygeD 
immediately above the test-tube. The reaction is 
2KaO, (iMnO,)+heat-2Ka+0.. 

EXFIRIMXMT No. 26. 
To produce hydrogen. 
Apforatut and MaieriaU: 

1. Metallic sine filings. 

2. Hyrochloric acid. 

3. Shallow porcelain dish. 
Procedure: 

To a small quantity of unc filings placed on a porcdain dish add 
hydrochloric acid. Hydrogen is evolved rapidly aa a gas. It 
will burn or explode on the application of a lighted match. 
The reaction is 

Zn+2Ha-ZQCI,+H,. 

ExpBBntENT No. 27. 
To produce chlorine. 
Apparatus and Materials: 

1. Manganese dioxide. 

2. Hydrochloric acid. 

3. Test-tube. 
Procedure: 

Add hydrochloric acid to small quantity of manganese dioxide 
placed in test-tube. Chlorine is given off as a greenish-yellow 
gas having a very pungent odor. It has an acid action oD 
blue litmus paper. It has bleaching properties, and will bleach 
filter-paper that has been stained in indigo solutJoo. The 
reaction is 

MnO,+4Ha-MiiCI,+2H,0 + Cl^ 

EXPERIUENT No. 28. 

To produce carbonic-acid gas (carbon dioxide). 
ilpporofiM and Materials: 

1. Calcium carbonate. 

2. Hydrochloric acid. 

3. Small beftker. 
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Procedure: 

Add hydrochloric acid to a email quantity of powdered calcium car- 
bonate in a email beaker. Carboa dioxide will be given oS 
rajudty as a gas. The reaction is 

CaCO - 2HC1 -CaCa - HO - CO. 
The gas may be detected by its taste and emell. Flame of 
lighted match introduced in the beaker is extinguiehed. Gas 
has add action on blue litmus paper. 

ExpEBiMSNT No. 29. 
To produce ammonia-gas. 
Apparatus and Materiala: , 

1. Powdered ammonium chloride. 

2. Powdered unslaked lime. 

3. Small porcelain dish. 
Procedure: 

Intimately mix small quantity of the two eubstancee in the porcelain 
dish and apply heat. The odor of ammonia-gas (NHJ is soon 
detected. Moistened red litmus paper is tm^ied blue if held 
in this gas, sboning its alkaline action. The reaction is 
2(NH)a -CaO -CaCl -HO- (NH). 

Experiment No. 30. 
To produce hydn^en sulphide. 
Apj>oratu» and MaUrwit: 

1. Iron filings. 

2. Roll sulphur. 

3. Sulphuric acid. 

4. Porcelun dish. 
Procedure: 

Mix a small quantity of iron filings with powdered roll sulphur in 
a porcelun dish and heat the same. Chemical combination 
takes place between the iron and the eulphur, forming iron 
sulphide (FeS). Add to this sulphuric acid, and gas is 
evolved which is hydrogen sulphide. It may be detected 
by Its characteristic odor, which is that of decomposing 
flesh. The reaction is 

FeS + H^, - FeSO. + H^. 
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ExPKBUUiNT No. 31, 
To produce nitric add. 
AppaeolM and Material: 

1. A fev crystab of potassium nitrate. 

2. Small quantity of sulphuric acid, 

3. Test-tube. 
Procedwe: 

Place a few crystals of potassium nitrate in the teat-tube. On 
addition of sulphuric acid, strong odor of nitricTacid vapor 
(HNOi) will be detected. It gives add reaction to blue 
Htmua paper. The reaction is 

KNO. + H^. -KHSO. + HNO^ 
EXPEEUIUNT No. 32. 
To innduce hydrochloric add. 
A^pparatvu and Maleriais: 

1. Sodium -chloride eolutioo. 

2. Sulphuric add. 

3. Test-tube. 
Procedure: 

Race a small quantity of sodium chloride in a test-tube. On addi- 
tion of sulphuric add, the vapor of hydrochloric add will be 
given off (HCl), which may be detected by its strong pungent 
odor. Gives add reaction to litmus paper. The reaetioD ia 
Naa + H^, - NaHSO. + HCl. 

EXPBUUEHT No. 33. 
To test any solution for a soluble chloride. 
Apparatug and MateriaU: 

1. A solution containing an unknown soluble chloride. 

2. Small quantity of diver nitrate. 

3. Test-tube. 
Procedure: 

Place a small quantity of the supposed chloride solution in the test- 
tube; add a drop of silver nitrate: if there be a chloride present 
in the solution, the insoluble silver chloride will he formed 
as a white curdy precipitate which turns blade in the sun- 
light, and is soluble in ammonia-water. 
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Experiment No. 34. 
To test a solution for the presence of a soluble sulphate. 
Apparalua and Materiaie: 

1. A BolutioQ cootainiDg an unknown soluble sulphate. 

2. A solution of banum chloride. 

Place in the test-tube a small quantity of the solution supposed to 
contain the sulphate; add a-few drops of barium chloride 
solution: if a sulphate be present, the barium sulphate will 
be formed as a white Enely divided heavy precipitate. 

ExPERiHHNT No. 35. 
To test a solution for the presence of a soluble hydroxide. 
Apparatus and Materials: 

1. A solution containing an unknown faydrozide (hydroxides of the 

alkaline earths are soluble). 

2. Small portion of zinc chloride in solution. 

3. Test-tube. 
Procedure: 

Place in the test-tube a small quantity of the supposed hydroxide 
solution; add a small quantity of zinc chloride: if an hy 
droxide ia present in the solutJon, linc hydroxide will be 
formed as a white precipitate. 

ExPERiuENT No. 36. 
To test a solution for the presence of a soluble carbonate. 
The carbonates of the alkalies are soluble. 
Material and Appwaius: 

1. A solution containing a soluble carbonate. 

2. Calcium chloride. 

3. Test-tube. 
Procedure: 

Place a small quantity of the supposed soluble carbonate in test-tube ; 
add a small quantity of calcium chloride. Insoluble calcium 
carbonate will be formed as a white precipitate. 

Experiment No. 37. 
To teat a solution for the presence of a soluble calcium salt. 
Apparaliu and Materials: 

1. Small quantity of a solution containing the soluble calcium salt. 

2. Small quantity of solution of ammonium carbonate. 

3. Test-tube. 
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Procedure: 

Place a small quantity of the supposed soluble calcnum salt in tee^ 
tube ; add small quantity of anunonium carbonate in solution. 
Calcium carbonate will be produced as a white preinpitate. 

ExPxaiuENT No. 38. 

To test a solution for the preseuce of a soluble nitrate. 
All nitrates are soluble. 
Apparatue and Materiaia: 

1. Small quantity of solution of any nitrate. 

2. Small quantity of solution of ferrous sulphate. 

3. Small quantity of concentrated sulphuric acid. 

4. Testrtube. 

5. Copper filings. 
Procedure: 

(a) Mix a small quantity of the ferrous sulphate and the supposed 

nitrate solution in a test-tube; add, carefully, a few drops of 
concentrated sulphuric acid: if a nitrate is present, a reddish- 
brown or purple layer will be formed at the junction of the 
sulphuric acid and the other liquid. 

(b) Introduce, in test-tube containing a supposed nitrate solution, a 

few copper filings, and add a few drops of concentrated sul- 
phuric acid; apply heat carefully: dark reddisfa-brown pungent 
fumes of nitrogen peroxide (NO,) will be evolved if a nitrate 
is present. 

EXPBRIMBNT No. 39. 
Test for solution containing a soluble iron salt. 
Apparatus and Materiaia: 

1. A solution containii^ a soluble iron salt. 

2. A solution of ammonium sulphide. 

3. Test-tube. 
Procedure: 

Place in the test-tube a small quantity of the supposed solution of 
iron salt; add a small quantity of the ammonium sulphide: 
if iron be present, the insoluble ferrous sulphide will be 
precipitated, first having a bluish color, which turns quickly 
to black. 
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EXPBEIMZNT Ko. 40. 

To make an acetone colloid. 
Apparalvg and Materiala: 

1. Smalt quantity of acetone. 

2. Small quantity of gUDCottoa (cottoD tliat has been dipped and 

allowed to steep for a few minutes in a mixture of nitric 
and sulphuric acid and afterwuxis deansed by thorough 
washing in water).' 

3. Small beaker. 

4. Small porcelain dish. 
Procedure: 

Dissolve a piece of the guncotton about the size of the little finger 
in about 55 c.c. of pure acetone; dissolve in the beaker; , 
decant the solution into the shallow porcelain dish; evap- 
orate to dryness over the flame, being careful to evaporate 
only to dr3aiess and to avoid burning or igniting. A thin film 
of transparent colloid will be left on the porcelain dish. Not« 
the difference in rate of burning by igniting first a small 
piece of raw nitrocelluloae and then a piece of the dry 
colloid. 

EXPERIHEHT No. 41. 

To make an ether-alcohol colloid. 
Apparatwi and Materials: 

1. Small quantity of nitrocellulose, containing about 12.5 per cent 

of N.' 

2. Small quantity of ether and alcohol, in the proportion of 60 

grams of ether to 20 grams of alcohol. 

3. Small beaker. 

4. Small porcelfun dish. 
Procedure: 

Dissolve a piece of the nitrocellulose about the size of the little finger 
in a portion of the ether-alcohol solution placed in the beaker. 
Allow the nitrocelluloae to become thoroughly dissolved. De- 
cant the solution to shallow porcelain dish and evaporate 
carefully to dryness, avoiding igniting. A thin film of colloid 
is left on the dish. Compare the rate of burning of the 
colloid with that of unchanged nitrocellulose. 

'See p. 142 et ae^i. 
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MATERIALS AND APPARATUS FOR LABORATORY DESK. 



FOB vax IN 



WITH THE FOREGOINQ EXPERIIIZNT8. 



Solution of sodium hydroxide 

Solution of potassium hydroxide 

Solution of calcium chloride 

Solution of barium chloride 

Solution of copper sulphate 

Solution of silver nitrate 

Solution of ammonium eulphide 

llydrochloric acid 

Nitric acid 

Commercial eulphuric add 

Concentrated sulpfauiic acid 

Pure ether 

Pure alcohol 

Pure acetone 

A solution of ammonium carbonate 

and crystals 
A solution of ammonium chlc^de 

and crystals 
Calcium carbonate 
Calcium oxide (fat lime) 
MetalUc iron, 61ingB and tuminge 
Metallic copper, turnings 
Metallic sine, strips 
MetalUc mercury 
Metallic sodium 
Zinc chloride, solution 
Roll sulphur 
Solution of indigo 
Metallic tin 
Sodium chloride 
Manganese dioxide 
Iron sulphate 
Barium chloride 
Solution of lead nitrate 
Iron sulphide 
Ammonium chloride 
Potassium chlorate 
Potassium carbonate 
Sodium carbonate 
Ammonia- water 



Barium nitrate, solution 

Sodium nitrate, solution 

Iron chloride 

Potassium nitrate 

Silver nitrate 

Ammonium carbonate 

Ammonium sulphide 

Nitrocellulose 

A piece of charcoal about 3" long 

and 1" square cross-aeetjou 
Platinum foil 14"xl" 
Platinum wire 3" long 
I test-tube rack 
1 test-tube cleaner 
1 test-tube stand 
1 glass funnel 
1 shallow porcelun dish 
1 porcelain crucible 
1 porcelain mortar and pestle 
1 Woulfe bottle 
6 teat-tubes, assorted 
3 beakers, assorted 

1 iron tripod 

2 natch-cryatala 
1 blowpipe 

1 p^r of tongs 

1 pair of forceps 

1 spatula 

] glass dropper 

1 glass rod 

1 test-tube bolder 

1 asbestos pad 

1 water-bottle for distilled water 

Filter-papers 

Litmus papers 

Source of heat: gas or lamp 

Rubber tubing 

Iron ring-support 

Ignition-tube 

Small still 
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Throw all solid waste materials in the earthen crocks pro- 
vided at each desk, and not in the sinks. 

In rinsing apparatus containing acids, allow the water to 
run for a moment to dilute the acids and thereby protect the 
pipes. 

When through with a source of heat, extinguish it. 

Always keep the reagent-bottles in their proper places, with 
labels to the front. 

In using a liquid reagent, grasp the stopper fitst between 
the little finger and palm of the hand, then grasp the bottle 
between the thumb and other fingers of the same hand, 
the label of the bottle being against the palm of the hand. 
Pour out slowly and carefully the smallest amount of reagent 
possible for the reaction and, at the last, touch the lip of the 
bottle against the edge of the vessel, so that the last drop will 
not run down the aides of the bottle. Replace the stopper and 
jnU back the b(Mle (U once. Neither bottle nor stopper should 
ever be put on the table. 

Dry reagents and the more unusual wet reagents should'be 
kept on a separate stand for general use. 

All glass and porcelain articles should be cleansed imme- 
diately after using, and in no case left or put away dirty. 

In performing experiments which give rise to pungent or 
offensive fumes, such as NOz, SHs, etc., go to the hood and 
perform the experiment there. 

On leaving the laboratory, be careful to label distinctly any 
solution or substance which is to be further examined or used, 
and mark the shp with the word "preserve " and your name. 

Leave the desk in order so that the attendant may dust it 
and clean it. 

If a solution has to be put aade even for a few minutes, 
label it over your initials. 

Laboratory notes may be entered either in rough form on 



D,g,tza:Jb.GOOg[e 



378 NOTES ON MIUTARY EXPLOSIVES. 

a pad to be entered later in the note-book, or directly in the 
note-book. The latter is the better method. Time is too 
valuable to spend it in copying. 

Lecture-notes in abbreviated form must, of course, first be 
taken down in rough and then expanded into the note-book, 
but a distinction should be drawn between mere copying and 
ea^nsian of abbreviated notes. 

When a glass stopper sticks tightly, heat the neck gently 
and gradually, keeping the stopper entirely out of the flame. 
Then press the stopper gently from side to aide. While heat- 
ing the neck, turn it round and round in the Same. 

Test-tubes are little cylinders of thin glass, closed at one 
end, in which moat tests and liquid reactions are conducted. 
They vary in fflze from 4 to 8 inches long and from i to j inch 
in diameter. They should not be so large in diameter that the 
open end may not be closed by .the thumb. They may be used 
for heating liquids in a flame, holding either in the bare fingers, 
or, if too hot, in a testrtube holder. 

Two precautions must always be observed in heating test-- 
tubes and all glass vessels. 

1. The outside should be wiped perfectly dry just before 

placing in the flame. 

2. The tube should be brought gradually into the flame and 

moved in and out and rolled between the finger and 
thumb, so that the heating shall be gradual and uniform. 

The reactions which take place in test-tubes, and the boiling 
of liquids therein, often cause portions of the liquid to be 
ejected. To guard against accident from this cause, the opera- 
tor should never hold the mduth of the tube toward himself or 
another person near him. 

Test-tubes are cleaned by a test-tiibe cleaner, consisting of a 
bunch of bristles caught between twisted wires and a small 
piece of sponge held at the end, or a round end of bristles. 

Test-tubes are kept in racks, a set of holes being provided 
for tubes in use, and a set of draining-pegs for those not in use. 
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These racks usually contain a dozen tubes. The tubes should 
be thoroughly washed before placing on the pegs. 

Flasks are bottle-shaped glass vessels having a neck and 
globe; the latter may have a round or flat bottom. They are 
used for boiling liquids in, and are often placed in iron ring 
supports over the source of heat. The same rules as to heating 
and cleaning apply to these as to test-tubes. In arranging 
Sasks for experiment, be carefid to allow sufficiently large exii for 
gases generated — an explosion of a flask is liable otherwise. 

Beakers are thin glass, open, tumbler-shaped vessels with a 
Bare edge and, often, a small spout. They are used chiefly to 
receive filtered liquids, or for reactioos on a lai^r scale than 
in test-tubes. 

Glass funnels should be thio and light and have the throat 
cut off obliquely. Their sides should incline at 60°, the most 
favorable angle for filtration. They are iised for transferring 
liquids from one vessel to another, and for holding filter-papers. 
Agate-iron, iron, and porcelain funnels are also furnished for 
rougher work. 

Some funnels are arranged with corrugations' or cut channels 
specially to accelerate filtering. 

Filtering-papers are used to separate the precipitates from 
the liquids in which they were fonned; the latter, after separa- 
tion, is often called the fUtrate. A good filter-paper should be 
porous enoiigh to filter rapidly and yet sufficiently close in 
texture to retain the finest powder. The paper should be strong 
enough to bear when wet the pressure of the liquid poured on 
it. Good filter-paper should be free from all salts and as near 
pure cellulose as is possible; when burned, it should leave a 
very small proportion of ash. White paper is more likely to 
fulfill these conditions than the colored varieties. 

Filter-paper comes in sheets, but cut filter-papers are sup- 
plied as a rule. The separate papers are in circular form. 

Small papers and funnels should be used in experiments. A 
paper about three inches in diameter is the most convenient 
me, except for reactions involving large quantities of materials. 
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A filter is prepared for placing in a fmmel as follows: 

1. Fold across on one diameter. 

2. Fold each end of semicircle back on 45° radius. 

3. Fold each of the 45° folds in its middle. 

4. Open out between the folds. 
Or a second method is as follows: 

1, Fold across a diameter as before. 

2, Fold across the semicircle on the 90" radius. 

3, Open out 3 layers on one side and 1 on the other. 
The first method is the better, as it gives quicker filtration. 

Filter-papers are placed in funnels so as to fit closely to the 
mdes, and after they are in place they are wetted down with 
distilled water, using a wash-bottle for this purpose. Some 
funnels are grooved to favor filtration. The rate of filtering 
may be increased by using larger filter-papers or by lengthening 
the throat of the funnel and letting it dip down into the filtrate. 

Strong acid or alkaline solutions should be filtered through 
asbestos wool plEiced in the throat of the funnel. 

A filter-paper of less than 2 inches in diameter may be 
placed directly in the mouth of a tesl^tube, and those between 
2 and 3 inches may be placed in a funnel and the funnel placed 
directly in the mouth of the test-tube without other support. 

When, however, a large quantity of liquid is to be filtered, 
larger papers are necessary and larger funnels; these latter are 
supported in stands or rings independently of the vessel arriinged 
to receive the filtrate. A beaker or a porcelain dish may be 
arranged to receive the filtrate. Care should be taken that the 
lowest point of the throat of the funnel touches the side or edge 
of the vessel, in order that the liquid passing through may not 
fall in drops, but run quietly down the side without splashing. 

Porcelain evaporating-dishes of various sizes are used. These 
dishes will bear the heat of a lamp- or gas-flame without 
cracking. The best are the "Berlin" dishes glazed on both 
sides. With these dishes a solution may be evaporated to dry- 
ness, or even to ignition over the open flame of a lamp- or gas- 
burner. It is well, however, to support the dishes in such cases 
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on a piece of iron wire gauze; otherwise the dish may be sup- 
ported OD a small wire triangle. 

Porcelain cmciblea are made of very thin porcelMn and 
may be subjected to even higher heat than the dishes. They 
are made with covers. They are supported over the flame by 
small wire triangles. 

Both porcelain dishes and crucibles should be brought gradu- 
ally to the full heat. 

Two kinds of lamps are used — the common spirU-lamp, and 
the circular-wick lamp, also known as the Berzelius lamp. The 
former is used for ordinary heating of test-tubes, etc.; the 
latter when a higher temperature is required and a larger Same, 
especially for water- and sand-baths, for evaporation, and 
ignition of residues. Spirit-lamps, when not in use, should be 
covered over to prevent evaporation. 

Supports. — Several forms of supports are used in heating: 

1. The iron tripod, consisting of a ring to which three legs 

are attached. The flask, dish, or crucible is supported 
on this ring and the lamp is placed below. The proper 
height is ^ven by wooden blocks, either blocking up 
the tripod or the lamp. 

2. The iron-rod support consists of an iron rod attached to 

a heavy cast-iron base. Several rings of different diam- 
eters are secured to the rod by binding-screws, and 
may be adjusted vertically and laterally, like the stand 
of the Berzelius lamp. 

3. Irotir-wire gauze — a piece about 6 inches square. 

4. IroTirwire triangle — three pieces of iron wire formed into 

an equilateral triangle, with the wires twisted together 
at the vertices for a distance of an inch or two. 
A water-bath consists of a copper vessel with a set of covers, 
of different diameters. It is used to evaporate at moderate 
heat, or to dry precipitates or other substances which must be 
kept below a certain temperature. This temperature is fixed 
by the boiling-point of the Uquid placed in the bath. If, for 
example, an aqueous solution is to be evaporated without 



idbvGpOgle 



aSa NOTES ON MiUTARY EXPLOSIVES. 

ebullition, it must not riae above tiie boiling-point of water, nor 
even quite to reach that point. To accomplish this, fill the 
bath two-thirds full of water, place on those particular cover 
rings that will permit the greater part of the Hiah containing 
the solution to be below the cover but not in the water of the 
bath. Support the bath on either the tripod or ring support 
and apply the heat. The dish holding the solution is thus 
heated by an atmosphere of steam, and the temperature will 
not exceed 212° F. The water in the bath must never be 
allowed to boil away. There are several modifications of the 
water-bath. 

If a gradual and uniform temperature hi^er than the 
water-bath be desired, this may be accomplished by the sand- 
bath. Tills consists amply of a shallow dish or pan in which 
sand is placed, and the body to be heated is placed in a dish 
on this sand. The thickness of the sand layer regulates the 
temperature for a given fiame. 

The blowpipe is used to oxidize and deoxidize samples and 
to ^ve a high degree of heat. Deoxidization is often called 
"reduction." 

In using the blowpipe, the air should be forced from the 
lungs into the mouth-cavity, distending the cheeks, and the air 
then forced through the blowpipe by the muscles of the cheeks. 
A steady uniform pressure may thus be maintained. 

For oxidization purposes the sample should be held just 
beyond the tip of the outer luminous flame; for reducing pur- 
poses it should be held at the tip of the inner blue flame. The 
hottest part of the blowpipe flame is between the luminous and 
blue flame; for melting metals, and when a high degree of beat 
is desired, the sample should be held at this point. 

Specimens may be supported and held before the blowpipe 
either on charcoal, on platinum-foil, or on a platinum loop. 

(o) On charcoal: Take a piece of charcoal about 3"Xl"X 
1". Near the end of one of the longer faces cut with 
knife or scraper a small depression about J" diame~ 
ter and j" deep. Place the sample in this depression. 



D,g,tza:Jb.GOOg[e 



LABORATORY NOTES. 383 

Hold the charcoal between the thumb and foreCnger 
of the left hand, slanting at about 30° downwardj the 
sample being at the lower end. Present the sample 
to the blowpipe in this position. 
(6) On platinum-foil : Take a piece of platinum-foil about 
IJ" by 1". Clean its surface with moist sand. If 
wrinkled, rub out the wrinkles on the bottom of the 
s^te mortar, using the agate pestle. Bend over 
one corner slightly. Take hold of this corner with the 
forceps. Place the sample on the foil. Present to 
the flame, holding the forceps in the left hand. 
(c) Platinum wire loop: Fuse a fine platinum wire to the 
end of a glass rod. Straighten out all kinks in the 
wire by making a single loop over a round lead-pencil 
or other similar article, and pulling the pencil along 
the wire without turning. Make a small circular loop 
at the end of the wire about i^" in diwneter. Heat 
the loop to red heat, and wipe after cooling with 
clean filter-paper. Prepare the sample with proper 
fluxes, place it on the loop and present to the blow- 
pipe. 
Never heat any metal or any substance from which a metid 
can be reduced on platinum, as the latter forms alloys with 
other metals, which alloys have a lower fusing-point than plati- 
num and injure its properties otherwise. The alkaline sulphides 
and hydroxides also act on platinum. It is dissolved by aqua 
regia and chlorine-water. 

Wask-bottle. — This is a large bottle of distilled water for 
general use in carrying out experiments. It is used particu- 
larly for diluting specimens in test-tubes, for wetting down 
filter-papers so they will adhere closely to the sides of funnels, 
for washing down precipitates from the sides of vessels, and for 
washing precipitates. Two tubes enter the bottle through a 
rubber cork. One is straight and projects about 4" above the 
cork, and the other at a point about 1" above the cork is bent 
sharply downward at an angle of about 45°, and terminates 
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at about 4" from the bend in a pointed aperture. The first 
tube stops' inside of the bottle above the surface of the water, 
the bent tube extends inside the bottle well down to near its 
bottom. 

The water is poured out through the straight tube, holding 
the bent tube uppermost. 

By blowing down the straight tube, using some little force 
in the act, the water is forced up through the bent tube and 
out at the pointed aperture. 

Glass Tubing.— Various sizes of glass tubing are used; the 
larger sizes for joining parts of apparatus, in connection with 
rubber-tubing; the smaller sizes for exits through corks from 
bottles and large test-tubes. A piece of small-caliber glass tube 
is used as a dropper. The tube, when used for this purpose, 
must be perfectly clean. It is inserted in the reagent-bottle, 
the reagent rises in the tube, the end of the finger is placed over 
the top and the tube then withdrawn, brinpng with it the small 
quantity of reagent held in the tube. 

Ordinary glass tubing may be cut in the simplest way by 
placing it lengthwise in a V trough, the point to be cut resting 
just beyond the trough; passing a diamond around at the point 
with one hand, holding the tube tightly with the other, then 
grasping the tube firmly with both hands on either side of the 
cut and near it, break the tube at the cut by turning the hands 
evenly, upward and outward, using the necessary force. 

The sharp corners of the ends of glass tubing may be rounded 
by holding in the Bunsen or alcohol flame. This should always 
be done before attempting to insert a tube in corks or in rubber 
tubing, as the tube inserts much more eaaly if the corners are 
rounded. Care should be exercised not to change the size of 
the orifice. It will be sufficient to bring the very outer edges 
to a good red heat and rub a second heated rod gently over 
these edges. 

Very thin glass tubing, which cannot be cut as described 
above, may be cut by filing a slight cut at the point, then apply 
gradually a hot point progressively around the tube, starting 
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at the file-cut. It may be necessary sometimes to chill the tube 
at the file-cut by placing it in cold water or ice for a miuute or 
80, and then wiping dry, before applying the heated point. 

Glass tubes are bent by heating them over a flame until 
plastic, then bent carefully with force applied very slowly; only 
the heat necessary should be used. 

To close a glass tube, heat the end until plastic, press together 
opposite points of circumference until they meet, make weld 
complete, then shape. 

To form a buU) in a glass tiAe, heat the tube in the point 
at which it is desired to have the bulb until the glass is plastic 
at that point. Blow through the tube, using sufficient force to 
cause the plastic glass to expand to the size desired. 

To make an opening in the side of a glass tube, heat the 
tube at the point until the glass there is plastic. Perforate the 
side with a glass rod, open the perforatioif to the size desired, 
round oS and smooth the edges. 

Rvbber tubing of various sizes is used to connect the glass 
and metal parts of apparatus. There is a great advantage in 
this means of connection by reason of the pliability of the tub- 
ing, the air-tight joints that are made, and the fact that alkalies 
and dilute acids do not act on rubber. 

The cork^orer consists of a nest of metal tubes of various 
Mzes, with one end bevelled to a cutting circular edge. It is 
used to bore holes through rubber and cork stoppers for glass 
tubes. 

In putting a glass tvbe through a bored stopper, see that the 
edges of the tube have been rounded by heating, grasp the 
tube firmly, close to the stopper, press in easily and directly 
along the axis of the tube with a screw motion. Wet the tube 
with alcohol or with soap-suds, if it moves with great difficulty. 
Avoid lateral pressure. Do not hold the body of a funnel in 
forcing the neck through a stopper nor a bent tube at the 
bend. 

RiAber stoppers are used when absolutely mr-tight closing of 
bottles is important. They may be perforated for glass tubes 
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by a brass cork-borer; the latter should be moistened with 
alcohol to fadlitate the process. They have a furtiier advantage 
over cork stoppers by reason of the non-action of alkalies and 
weak acids. 

Sheet rubber is used to make tight joints between gjass 
tubes of different sizes, or between the neck of a bottle or a 
flask and a large glass tube entering it. 

Cork stoppers should be softened by rolling or squeezing 
before using. There is difficulty in finding perfectly round 
corks; eccentric parts may be removed by using a fine flat 
file. The size of corks may be reduced somewhat by squeezing 
or filing or both. 

Dmible-nech bottles are convenient for generating gases; one 
neck being used for the reagent, and the other, with glass tube 
and rubber tubing attached, for transferring the gas generated. 

There are four kinds -of mortars in common use: (1) an 
iron mortar, for heavy material requiring great strength to 
pulveriae; (2) porcelain mortars, for ordinary solid reagents; 
(3) agaie mortars, for minerals and reagents having high 
degree of hardness; (4) diamond mortar, consisting of small 
steel cylinder, anvil, and piston, in which very hard and tough 
materials are pulverized or broken before uding the agate mortar. 

Spatulas are thin, knife-like blades made of steel, horn, or 
porcelun. They are used in handling solid reagents and samples. 

Walch-glasses are used in pairs, with a suitable metal clasp 
to hold them tightly together, in holding samples for weighing, 
drying, and for preserving them safely from loss or change 
during experimentation. 

The clothing should be covered by overalls or aprons during 
laboratory work. In case strong acid gets on the clothing or 
skin, it should be neutralized at once with ammonia-water or 
other gtroE^ base, or washed for some time in running water. 



V 
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REGULATIONS FOR THE TRANSPORTATION OF 
EXPLOSIVES. 

[Approved bt the Auerican EUilwat AeeociATioN]. 

General Notice.' — The safe transportation of explosives is 
largely influenced by the manner in which they are made and 
packed for shipment, as well as by the careful and intelligent 
handling of them by rwlway employ^. Information in regard 
to the kind of eTcplosives is necessary so that railway employ^ 
may not ignorantly incur danger or endanger the lives and 
property of the public. 

Shipments made by the United States Government ^ will 
be accepted upon the certificate of an army or navy officer or 
duly authorized non-commissioned or warrant officer that the 
shipments are made in accordance with United States Govern- 
ment regulations, including limitations of wd^t, for which the 
form of certificate entitled "United States Government Certifi- 
cate of Explosives Offered for Transportation " will be used and 
kept on file. 

Other explosives, except such as are forbidden, will be re- 
cdved for transportation, provided the following regulations are 
compfied with, and provided their method of manufacture and 
packing, so far as it affects safe transpor^tion, is open to in- 
spection by the proper officers of the company traasporting the 
explosives. 

Shipments of explosives destined to points beyond the 
lines of the receiving company will only be accepted subject to 

' See Interpretation No. 1, page 302. 

* All the following re^UtionB must be observed for Government ship- 
menta, except aa to packing and weights provided for other shipments. 
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the regulations of the roade over which the shipments are to be 
moved. Shipments offered by connecting lines will be received 
subject to the following regulations: 

1. Clasafication. — Explo^ves are divided into the following 
groups; 

1. Forbidden Explosives. 

2. Common Black Powder,* 

3. High Explosives. 

4. Smokeless Powders. 

5. Fulminates. 

6. Ammunition. 

7. Fireworks. 

2. Group I— ForWdden ExplosiveB. — Liquid nitrc^lycerine, 
dry guncotton (except as made up in ammunition), high explo- 
sives containing over sixty per cent of nitroglycerine (except 
gelatine dynamite), and fulminates in bulk in a dry condition, 
must not be accepted for transportation. 

3. Group 2 — Common Black Powder. ^ — Common Black 
Powder embraces all explosives having the constituents of 
ordinary gunpowder or similar in composition. This group 
includes rifle, sporting, blasting, cannon, and the prismatic 
powdere. 

Packing. — Packages containing less than twenty (20) 
pounds of rifle, sporting, blasting, or cannon powders must 
be inclosed in a wooden box so that the filling-holes of the 
packages will be up. 

Prismatic powders must be packed in tight tin boxes, 
which must be inclosed in a wooden box. 

Twenty (20) pounds or over of common black powder 
should be packed in a wooden keg or cask. Iron or steel 
kegs or casks will be received. These iron or steel kegs or 
casks must be so made and the filUng-hole so secured that, 
when filled with sand and dropped in any manner a du- 

' Includes all ordinBiry " charcoal " powders. 

' See Interpretation No. 2, page 302, and No. fl, page 303. 
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tance of four feet on a rail, they will not rupture, nor will 
any of the sand escape. 

Weight. — Packages containing over 115 pounds net will 
not be received. 

Marking. — Each box, cask, or keg must be pl^nly 
marked "Common Black Powder." 

4. Group 3— High ExploaiTes.'— High Explosives are all 
•explosives more powerful than ordinary black powder, except 
Bmoketess powders and fulminates. They are known under 
various trade names, such as Acme, ^Etna, Atlas, Climax, Com- 
mercial, Dittmar, Dynamite, Forcite, Fumeless, Giant, Hecla, 
Hercules, Joveite, Big Chief, Judson, Masurite, Samson, B«nd- 
Rock, Rack-a-Rock, etc, 

5. No HIGH EXPLOSIVE CONTAINING OVER 60 PER CENT OF 
NITROGLYCERINE WILL BE RECEIVED, EXCEPT GELATINE DYNA- 
MITE, Explosives like Rack-a-Rock, one constituent of which 
is liquid, will be accepted if the liquid is not explosive 
and is not packed in the same boxes with the other constit- 
uent. 

High explosives consisting of a liquid combined or mixed 
with an absorbent materia! must have the absorbent material 
properly dried before mixing, and the ingredients uniformly 
mixed so that the liquid constituent is thoroughly absorbed. 
Explosives containing nitroglycerine must have a satisfactory 
kind of antacid in the absorbent material equal to one per cent 
or over of the wdght of the latter. 

Packing. — High explosives must be made into cartridges 
and not packed in bags or sacks. Bags or sacks of Judson 
powder contwning not over 12J pounds each will be con- 
Eddered cartridges. The covering of the cartridges, con- 
sisting of paper or other material, must be so treated 
that it will not absorb the liquid constituent of the ex- 
plo^ve. Boxes should be painted on the inside or lined 
with paraffin paper, or otherwise treated so that the hquid 

' Sm InterpietatioDB Nos. 3 uid S, pages 302, 303. 
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constituent of the exploMve will not be absorbed by the 
wood. 

The cartridges must be so arranged in the boxes that 
when they are transported all cartridges will lie on thdr 
ades and never on their ends. 

The boxes must be strong and made of lumber not less 
than one-half inch in thickness, and with ends one inch in 
thickness, and not too large to be readily handled by one 
person. 

Weight. — Packages contfdning over fifty (50) pounds ■ 
net will not be accepted. 

Marking. — The boxes must be plainly marked on top 
and on one side or end "High Explosive — Dangerous," 
The position in which the cartridges he in the boxes must 
also be indicated thereon, 

6, Group 4 — Smokeless Powders, — Smokeless Powders are 
those explosives from which there is httle or no smoke when 
fired. This group consists of (k) smokeless powder for army 
and navy use; (B) smokeless powders, known also as wood 
powders, for rifle or shotgun use in which guncotton or nitro- 
cellulose is the principal ingredient; (C) the picrate powders, such 
as Velox and Gold Dust; and (D) wet guncotton for torpedoes 
and army use. 

7. (A) SDUkeleil POIller for army and navy use. 

Packing. — Smokeless powders must be packed in tight 
wooden boxes free from knot-holes or cracks. 

Weight. — Packages must not weigh over 115 pounds net. 
Marking. — Each package must be plainly marked on 

top "SM0KRLF,'^3 POWDER — KeBF FiRD AwAY." 

S. (B «4 C) SnoktleSS Powdir for rifle or shotgun use. 

Paciinj/.— Packages containing less than ten (10) pounds 
must be inclosed in a wooden box so that the filling-holes 
of the packages will be up. 

Ten (10) pounds or over should be packed in a wooden 
keg or cask. Iron or steel kegs or casks will be recdved. 
Ml ke^ unless boxed must measure not less than 9 inches- 



D,g,tza:Jb.GOOg[e 



REGULATIONS FOR THE TRANSPORTATION OF EXPLOSiyES. 391 

in diameter and 10^ inches in length or have equivalent 
contents. These iron or steel kegs or casks must be so 
made and the filling-hole so secured that, when filled 
with sand and dropped in any manner a distance of 
four feet on a rail, they will not rupture nor any of the 
sand escape. 

WeigH. — Packages containing over 115 pounds net will 
not be received. 

Marking. — Each box, cask, or keg must be plwnly 
marked on top "Smokeless Powder — Keep Fiee Away." 

9. (D) WltGlKBttM. 

Packing. — Wet guncotton must be packed in tight 
wooden boxes free from knot-holes or cracks. These boxes 
must be so well constructed or the guncotton so inclosed in 
paraffin paper or other impervious material that it will 
not dry out during transit bo as to contain less than fifteen 
(15) per cent of water upon its arrival at destination. 

No guncotton is to be received for Bhipment unless it 
contains twenty (20) per cent of water. 

Weight. — Packages weighing over 220 pounds gross must 
not be received. 

MarkiTtg. — Guncotton must be ptunly marked on top 
" Guncotton — Wet." 

10. Group 5— Fulminates.— This Includes Flllhlte Of HlfCir) 
or other fulminates in bulk form — that is, not made up into 
percussion-caps, detonators, blasting-caps, or exploders. 

Packing. — Fulminate of mercury in b\ilk must contain 
when packed not less than twenty-five (25) per cent of 
water and must in this wet condition be placed in a twelve- 
ounce duck bag and securely tied. This duck bag must be 
placed in a rubber bag, which rubber b^ must be filled 
with water and securely tied. The rubber bag and con- 
tents must then be placed in a tight cask, the empty spaces 
around the bag filled with sawdust, the cask closed and 
filled with water and then sealed. 
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Marking. — Each cask must be plainly marked "Fnij-> 
MiNATE — Handle Caebfdllt." 

11. Group 6 — Ammunition. — ^Ammmiition consiste of three 
classes : small-arms ammunition and great-gun ammunition, both 
in the form of cartridges; and detonators, blasting-caps, p^- 
cussion-caps, fulrainators, exploders, etc. 

12. Small-arms ammunition consists usually of a paper or 
metallic shell which contains the primer, explosive, and pro- 
jectile, the materials necessary for one firing being all in one 
piece, to be used in sporting- or fowling-pieces or in riSe and 
pistol practice, etc. 

facA:inff.— Small-arms ammunition to be used in sport- 
ing- or fowling-pieces or in riSe and pistol practice, etc., 
must be packed in pasteboard or other boxes, and these 
pasteboard or other boxes must be packed in strong wooden 
boxes. 

Marking. — Each package or case must be plainly 
marked "Small-arms Ammunition," 

13. Great^gun ammunition embraces all fixed ammunition in 
which the projectile weighs one pound or over, and is usually 
transported only for Government use. 

Packing. — This form of ammunition must be packed and 
properly cushioned in stroi^ wooden boxes, small and light 
enough to be readily carried by not more than two men. 

Marking. — Each package or case must be plainly 
marked "Great-qun Ammunition— Handle Carefully." 

14. Ammunition in other form than cartridges, such as de- 
tonators, blasting-caps, etc., must be packed in strong, tight 
wooden boxes, and must not be placed near other explosives. 

Marking. — Each package must be plainly marked with 
the name of the article inclosed and the words "Handle 
Carefully," as, for instance, " Detonators — Handle 
Carefully," "Percussion-caps — Handle Carefully," 
etc. 

15. Group 7 — Fireworks. — Fireworks embrace everything 
that may be used to produce pyrotechnic effects. This group 
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includes serpents, rockets, bombs, shells, mines, batteries, 
wheels, Roman candles, maroons, fountains, quick matches, fire- 
crackers, squibs for firework use, colored fires of all grades, and 
every class of firework compositioa or exhibition pieces, and also 
torpedoes or track-caps, fuses, fog-signals, etc. 

Packing. — Fireworks must be securely packed in strong, 

tight wooden boxes in such manner that the ordinary 

shocks of transportation will not cause the articles to change 

position inside the box. 

Marking. — Each box or package must be plainly 

marked "Fireworks — Handle Carefully — Keep Fire 

Away." 

16. Selection and Preparation of Cars.* — For the transporta- 
tion of common black powder, high explosives, smokeless pow- 
ders, fulniinates, and great-gun ammunition, only box-cars in 

GOOD CONDmON, OP NOT LESS THAN 60,000 POUNDS CAPAOTY, 
MUST BE USED. StEEL UNDER-FRAME BOX-CABS ARE RECOU- 
MENDED. 

17. In all cases the cars must be as follows: 

(o) Equipped with mr-brakes and hand-brakes in con- 
dition for service. 

(6) Must have no loose boards, or cracks in the roof, 
aides, or ends. 

(c) The doors must shut so closely that no sparks can 
get in at the joints, and if necessary must be stripped. 

(d) The journal-boxes and trucks must be carefully 
examined and put in such condition as to reduce to a mini- 
mum the possibility of hot^boxes or other failure necessi- 
tating the setting off of the car before reaching destination. 
The car must be carefully swept out before it is loaded. 

(e) Holes in the floor or fining must be^repaired and 
special care taken to have no projecting nails or bolts or 
pieces of metal which may work loose and produce holes 
in packages of explosives during transit. 

{/) Short pieces of hard wood, two-inch plank, must be 
> See Interpretation No. 6, page 303. 
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spiked to the floor over the king-bolts, or draft-bolts, to 
prevent possibility of thdr wearing through the floor and 
into the packages of explo^ves. 

(p) Agent or inspector must examine cars and sign 
"Certificate of Inspection of Car Containing Explo^ves " 
upon the prescribed form before permitting the cars to be 
loaded or despatched. The certificate must also be signed 
by the shipper. 

18. Small-arms ammunition, detonators, etc., and fireworks 
must be loaded in a box-car in good condition, so tight as to 
prevent the entrance of sparks into the car. Cars containing 
small-anns ammunition, detonators, etc., and fireworks do not 

, require the "Certificate of Inspection of Car Containing Explo- 
sives," but cars contMning fireworks should becarded "Inflam- 
mable — Keep Lights and Fires Away." The shipper of these 
articles must execute and deliver to the station agent the 
"Manufacturer's Certificate" or the "Shipper's Certificate" 
upon the prescribed form.^ The station agent must make the 
proper note upon the billing to show that he has the certificate 
on file. 

19. Placarding of Can and Certificatioii of Contents.— The 
prescribed forms of cards and certificates must be used. 

20. Every car containing common black powder, high 
explosives, smokeless powders, fulminates, or great-gun am- 
munition, in any quarUity, must be plunly carded on both sides 
and both ends "Explosives — Handle Carefullt — Keep Fihe 
Away." 

The agent will be held responsible if a car containing these 
explosives leaves his station or a siding within his JTirisdiction 
without having these cards properly affixed. 

21. Mandfactubers shipping common black powder, high 
explosives, smokeless powders, fulminates, and great-gun am- 
munition, and SHIPPEBS of great-gun ammunition in carloads or 
less than carloads, will be required to properly fill out and sign 

'The "United Ststoa GaveniineDt Certificate of Expbeivee OfFsred for 
TransportatioD " must be used for ahipments made by the Govenunent, 
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the "Manufacturer's Certificate of Contents and of the Method 
of Packing and Marking Packages of Explosives " for each ship- 
ment on the prescribed form, which, when ^gned in writing, 
must be delivered to the station agent.' All other shippers 
shipping common black powder, high explosives, smokeless 
powders, fulminates, and great-^n ammunition, must sign in 
writing the "Stiipper's Certificate of Explosives Offered for 
Transportation " on the prescribed form, covering the words, 
"These explosives are in the original packages as manufac- 
tured," which form must be delivered to the station a^ent. 

Shippers must procure the prescribed forms of certificates 
and cards from the station agent. 

The agent on receipt of the Manufacturer's or the Shipper's 
Certificate ^ must indorse the back of the card way-bill and 
revenue way-bill to show that this certificate has been duly 
executed and filed; thus: 



Certificate covering this property 
duly executed and filed at this 



The "Manufacturer's Certificate " or the "Shipper's Certifi- 
cate " ^ will be filed by the station agent at the station at which 
the shipment ori^nated. 

22. Shipments from Connecting Lines. — Agents at junction 
points may receive and forward cars carded as prescribed in 

1 The UDited States Government, when shipping common black powder, 
high explosives, Bmokeless powders, fulminates, and great-gun ammunition 
will be required to properly fill out and sign the "United States Government 
Certificate of Explosives Offered for Transportation " for each shipment on 
the prescribed form, which when signed in writing must be delivered to the 
station agent. (See General Notice.) 

'The "United States Government Certificate of Explosives Offered foi 
Ttaosportation " will be used for shipments made by the Government. 
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Rule 20 as containii^ explo«ves, from connecting lines knovn 
to have adopted these regulations, without the "Manufacturer's 
Certificate " or "Shipper's Certificate " ' and without the "Cer- 
tificate of Inspection of Car Containing Explosives " being pre- 
sented; but these certificates must be furnished to the recwving 
road when requested. 

Agents, when in doubt as to whether the lading is properly 
stowed or not, will inspect the contents to ascertain the condi- 
tion of the lading. 

23. Handling of Explosives.— In handling packages of ex- 
plosives at stations and in cars, the greatest care must be taken 
to prevent their falling or gettii^ shocks in any way, and they 
must not be thrown nor dropped, but must as far as practicable 
be passed from hand to hand, or carried by one or more persons, 
and must not be rolled on the platform or car floor, nor handled 
on trucks, unless they are so heavy that this catmot be avoided.^ 

■ The agent must choose careful men to handle explosives, must 
see that the platform and feet of the men are as free as possible 
from grit, and must take aU possible precautions against fire. 
No unauthorized person must have access to the explosives at 
any time while they are on the property of the Company, Should 
any packages of high explosives when offered for shipment 
show excessive dampness or be mouldy, or show outward signs 
of any oily stain or other indication that absorption of the 
liquid part of the explosive in the absorbent material is not 
perfect, or that the amount of the Uquid part is greater than 
the absorbent can carry, the packages must be refused in 

EVERY INSTANCE, AND MUST NOT BE ALLOWED TO REMAIN ON 
THE PROPERTY OF THE COMPANY, 

24. Loading in Car. — Boxes of high explosives must be so 
loaded in the car that the cartridges will be on their sides and 
never so that the cartridges will be on end. 

All other boxed explosives must be loaded with the boxes 
top side up. Explosives packed in round kegs, except when 

' See note 2, pago 295. 

' See Interpretation No. 7, page 303. 
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boxed, must be loaded on their sides in rows across the car if 
there is more than one tier. 

Larger casks, barrels, or drums may be loaded on their sides 
or eods as will beat suit the conditions. Whatever the kind or 
form of the packages, after they are loaded they shall be so 

STAYED THAT THEY CANNOT CBANQE POSITION UNDER THE ORDI- 
NARY SHOCKS OP TRANSPORTATION. Special care must be used 
so that they cannot fall to the floor or have anything fall on 
them during transit. 

25. Black powder, high explosives, and smokeless powder 
of alt kinds, may be loaded t<^ether in the same car. Fulmi- 
nates, ammunition, both small-arma and great-^n, and detona- 
tors, etc., and fireworks must never be loaded with each other, 
nor in the same car with common black powder, high explosives, 
or smokeless powder. All kinds of fireworks may be loaded 
together in the same car. 

26. "Friction matches" or other articles of like nature, 
acids, chemicals, gasoline, naphtha, benzine, etc., must not be 
loaded in the same car with common black powder, high explo- 
sives, smokeless powders, fulminates, greatr-gun ammunition, or 
fireworks, nor when unloaded be put near those explosives. 
Care must be taken that other fright in the car is so loaded and 
stayed that there is no danger of the packages of explosives 
bdng broken during transit. 

27. Safe^ Fuse and Safety Squibs. — Safety fuse and safety 
squibs will be accepted for shipment at any time they are offered, 
and the restrictions in regard to shipping powder do not apply 
to them. These articles, provided they are properly boxed, 
may be loaded in the same car with other explosives, 

28. Handling Cars Containing Ezplomves. — ^The following 
rules must be observed by yard and train eraployfe in the 
making up and movement of freight-trains and the handling 
of cars carded as containing explosives, 

(a) Cars carded as containing explosives must not be 
hauled in a tr^n carrying passengers. 

(&) The conductor must under no circumstances take 
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a car containing explosives from a station, including transfer 
stations, or a siding unless it is properly carded as per 
Rule 20, and unless the car appears in first-class condition. 

The conductor must in all cases notify the enginemen 
and trainmen that a car containing explosives is on the 
train and where it is in the train before leaving the initial 
station. 

Conductors must frequently inspect such cars to see 
that the carding is intact. When any of these cards be- 
come detached or lost in transit, the conductor will g?ve 
notice thereof, on arrival at the next division terminal 
Yard, to the yardmaster or other person in charge, who 
must attend at once to recarding the cars as required.^ 

(c) At points where trains stop, trainmen must examine 
cars carded as containing explosives and adjacent cars to 
see if they are in good condition and free from hot-boxes 
or other defects liable to cause damage. If care are set o£f 
short of destination from any cause, the conductor must 
notify the nearest agent, who must see that every precau- 
tion is taken to prevent accident. The conductor must 
also notify the Superintendent from the firat tel^aph 
office. 

(d) A car carded as contcuning explosives must be 
placed a^ near center of trwn as possible, and, when prac- 
ticable, not closer than fifteen (15) cars from the engine or 
ten (10) cars from the caboose, unless length of train will 
not permit,^ and must have its air-brake and hand-brakes 
in service and be placed between cars with ^r-brakes in 
service. It must be placed between two box-cars in good 
condition, not loaded with oil or other inflaomiable mate- 

* It is recommended by the Committee that all w&y-bills for ebiptnonts ot 
explostveB be stamped "Explosives," or that a special card be attached to 
the way-bill showing the nature of the ehlpment. 

' This applies to cars in tiie ordinary current of trafGc on main lines. For 
movwnente on branch lines, equivalent to switching movements, such special 
regulations should be made by each road as will suit the conditions of the 
■ervice. 
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rial, lumber, iron, pipe, or other articles liable to break 
through end of car from rough handling. Cars containing 
explosives must not be placed in a train within &ve cars of 
each other, and not more than three such cars placed in 
any one train. 

(e) HMltlllg ll YvdS. — In handhng cars carded as con- 
taining explosives in yards or placing on sidings, they 
must, when practicable, be coupled to the engine protected 
by a car between, and the car not cut off while in motion. 
It must be known that the hand-brakes are in good con- 
dition. Other cars must not be allowed to strike a car 
carded as containing explosives. They should be so placed 
in yards or on sidings that they will be subject to as little 
handling as possible and removed from all danger of fire, 

29. Agents at destination and transfer stations must 
see that the cards prescribed in rule 20 are removed 
from car as soon as the explosives are unloaded. 

30. Agents must furnish all the shippers of explosives within 
their territory with copies of these regulations. 

31. In Case of a Wrack, — In case of a wreck involving a car 
containing explosives, the first and most important precaution 
is to prevent fire. Although most of the group "high explo- 
sives" will bum in snuall amounts quietly, and without causing 
a disastrous explosion, yet it must be remembered that it is 
the characteristic of most explosives to burn, and consequently 
everything possible must be done to keep fire away. Before 
beginning to clear a wreck in which a car containing explosives 
is involved, all unbroken packages should, if possible, be re- 
moved to a place of safety, and as much of the broken packages 
as possible gathered up and likewise removed. Furthermore, 
it should be borne in mind that "high explosives " are readily 
fired by a blow, and all explosives, except when they are wet, 
by the spark produced when two pieces of metal or a piece of 
metal and a stone come violently together. In clearing a wreck, 
therefore, care must be taken not to strike fire with tools, and 
in using the crane or locomotive to tear the wreckage in pieces, 
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the possibility of produtang sparks must be conadered. TOth 
fiuch explosives as "common black powder," "smokeless pow- 
der," and "fulminates," thorough wetting with water practi- 
cally removes all danger of explosion by fire, spark, or blow; 
but with the "high explosives " wetting does not make them 
safe from blows. W\l)x all explosives, mixing with wet earth 
renders them safer from dther fire, spark, or blow. In case any 
"fulminate " has been scattered by a wreck, the ground involved 
must be saturated with oil after the wreck has been cleared. 
If this is not done, when the ground and fulminate get dry, 
small explosions will constantly occur whenever the mixed 
mat^ial is trodden on or struck. 



HaoufactuTer*s Certificate of Contents and of the Method of 
Packing and Harking Packages of Ezploaves. 

Delivered at Station, for transportation 

to on 190 

I CERTIFY that the explosives in each of the packages of ■ 

in this shipment, which are offered subject to the conditions 

of the Bill of Lading of which this certificate fonna a part, are properly 
made, packed, and marked as required by the Regulations for the Trans- 
portation of ExploBives (General Notice No. ), copy of which I 

have carefully read, and that none of the packages cont^ns any other 
exploKve than is designated by the marking. 

I AiaO CERTIFY (it the shipment consists of Common Black 
Powder or Smokeless Powder in iron or eteel kegs) that the iron or 
steel kegs used will stand the required tests and that the filling-hole of 
every package is securely closed; and (if the shiimient coosists of Small- 
Arms Ammunition) that no single cartridge contuns a projectile weigh- 
ing as much as one pound. 



Manujaeturer, 
This certificate, after it has been signed, must be delivered t« the station 
agent, who will keep it on file. 

■ In this space the name of the exploeive ehould be given, as follows: 
Common Black Powder, High ExploBivee, Smokeless Powder, Fulminate, 
amall-Arms Ammunition. Great-Gun Ammunition, or Fireworks. 
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R.. 

United States Government Certificate of Explosives Offered for 
Transportation. 

For transportation to 



.190 



I CERTIFY that the explosivea in this Bhipment offered subject to 
the conditioiiB of the Bill of Lading, of which this certificate is a part, 
are manufactured aud packed in accordance with United States Govern- 
ment HegulatJons. 



This certificate, after it baa boot signed, must be delivered to the station 
agent, who will keep it on file. 



Shipper's Certificate of EzplosiveB Offered for 
Transportation. 

DeUvered at Station, for tranaportatioD 

to on 190 

I CERTIFY that none of the packages of ' 

in this shipment, which is offered subject to the conditiona of the Bill 
of Lading of which this certificate forms a part, has been opened or 
changed by me since its manufacture, and that these ezploaives are iu 
the origioal packages as manufactured. 



This Qertificate, after it baa been signed, must be delivered to the station 
agent, who will keep it on file. 
See Inlerpretatioii No. 4. 

, R.. 

Certificate of Inspection of Car Containing Explodves. 

Station. 190 

We hereby certify that we have this day personally examined 

ear No , and that the roof and aides have no loose 



1 In this space the name of the expkieive should be given, tu fotlowsi 
Oommon Black Powder, High Ezplosivee, Smokeless Powder, Fulminate, 
Small-Arms Ammuoitioa, Great-Gun Ammunition, or FirewoAs, 
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boards, holes, or cracks; that the doors close so tightly, or have been 
stripped so that sparks cannot get in at the joints; that the king-bolts or 
draft-bolts are properly protected, and that there are no irons or nails, 
projecting from the floor or sides of the car which might injure pack- 
ages ot explosives; also, that the floor has this day been cleanly swept 
before the car was loaded, and that we have examined all the axle-boxes, 
and that they are properly packed and oiled, and that the explouves in 
this car have been loaded according to sections 24, 25, and 26 of the 
Regulations for the Transportation of Explosives (General Notice No. 



Agent or Inspector. Skipper. 



See Interpretation No. 8. 

INTERPRETATIONS. 

The Committee on Transportation of Explosives of The 
American Railway Association has rendered the following 
interpretations of the Regulstions: 

(i) General Notice, second paragraph. — It having been 
brought to the attention of the Committee that shipments for 
the United Stat€8 Government are sometimes made in its behalf 
by Civilian Employ^, the Comjnittee has decided that a cer- 
tificate from auch an employ^, duly authorized to sign for such 
shipmentfi, should be accepted as equivalent to a certificate 
signed by a duly authorized non-comjnissioned or warrant officer. 

(2) Regulation 3 under Group 2. Common Black Powder — 
Haiidng. — The mark "Common Black Powder" should be 
placed on all kegs holding twenty (20) pounds or over. For 
smaller k^, if boxed, the marking on the box is sufficient. 

(3) Regulation 5 under Group 3. High Explosives— Pack- 
ing. — The regulation as to one-inch thickness of the ends of 
tx)xes refers to boxes where the ades are nuled to the ends. 
The Committee considers boxes to be of equivalent strength 
with ends one-half inch thickness, if made with lock corners. 

(4) Shipper's Certificate of Ezploraves Offered for Transpor- 
tation. — In the case of small-arms ammunition, "the original 
package as manufactured" is the smaller pasteboard box in 
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which the cartridges are placed. In the case of kegs of black 
powder holding less than twenty (20) pounds, or of smokeless 
powder holding less than ten (10) pounds, the original packages 
are the kegs. In both cases they must be inclosed in wooden 
boxes for shipment. In the case of all other explosives, the 
original packages are the packages as packed by and received 
from the manufacturer. 

(5) Regulation 5 under Group 3. ffigh Explosives — Pack- 
ing. — "Boxes should be pwited on the inside or lined with 
paraffin paper, or otherwise treated so that the Uquid con- 
stituent of the explodve will not be absorbed by the wood." 
The word "should " is amply permissive as to the methgd to 
be employed. Wood which has absorbed the Uquid constituent 
of a high explosive is dangerous. Some method, either by 
painting or otherwise, which will prevent this absorption, must 
be employed in order to comply with Regulation 5. 

(6) Regulation 17 (g). Selection and Preparation of Cars. — 
It is only necessary that the certificate should be signed by 
the shipper in case he loads the shipment. In other eases the 
agent's certificate is sufficient. 

(7) Regulation 23. Handling of E^loaives. — The question 
of whether the purpose of the regulation can be better con- 
served by handling packages on trucks especially adapted to 
that purpose, rather than entirely by hand, as provided for in 
Regulation 23, is one that must be determined by the officers 
of each road in accordance with local conditions. 

(8) Certificate of InqMction of Car Containing Eiplodves. — 
The Committee has decided that the original should be filed 
with the agent through whom shipment is made. 

(9) Regulation 3 under Group 2. Common Black Powder. — 
The fact having been called to the attention of the Committee 
that in United States Government shipments it is necessary 
for the purposes of identification to distinguish between "Com- 
mon Black Powder " and Brown "Prismatic Powder," which are 
classed under one heading in Group 2 of the Regulations for the 
Transportation of Explosives, the Committee has decided that 
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when packages containing Brown Prismatic Powder are packed 
as provided in Regulation 3 and are plainly marked "Brown 
Powder," this marking should be accepted as satisfactory. 

(lo) Regulation 25. Loading in Car.— The question has 
been asked whether under Regulation 25 the loading of small- 
arms anmiuiiition and great-^un ammunition in the same car 
with each other is prohibited. The answer of the Committee 
is, No. 
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Abbot, leo 

Abel. 77. 80. 139, 142, 162 

Acetic acid. 83. 89 

Acetone, 61, 81.86 

Acetyl, 64 

Acetylene, 66 

AcklB, 9-14; fortifying. 126; on cloth- 
ing. 246; mtnting, 126; spent, 126 

Mtna. powder, ISS 

Affinity, chemical, 6, 96; conditions 
influencing, 36 

Alcohol. 61. 65, 81, 110, 131, 191 

Alk&Iies, 16, 196 

Alkaline eartha, 16 

Alloys. 23, 24 

AnuJ^mB, 24 

Amencan Railwft^ ABSociation rutee 
for transportauon of ezplodvea, 
287-304 

Ammonal, 50, 56 

Ammonium nitrate. 65-7 

Ammonium picrate, 80 

Ammunition, transportation of, 292 

Apparatus, 27S (for laboratory ex- 
periments) 

Appendix, 266 

AmnKement of explosiTe dtargea 
for demolitiona, 262-3 

Ash, nitrocellulose. 196, 200 

AUbb powder, 157, 159 

Atom, 2, 28, 36 

Atomic heat, 36 

Atomic mass, 32 

Atomic properties, 3 

Atomic space, 29, 39 

Atomic weirfiU ' '" 

AvMFadro's Lat 



3. 29, 31-6, J 



BALLime efiBciKicy of powder, 132 



BalliBtite, 135 

Barium nitrate, 57 

Base, chemical, 9-10, 15-16 

Base of nitro-cellulose, 112, 125 

Base of nitro-glycerine, 153 

Bath, sand, 2^ 

Bath, wAter, 281 

Beaker, 280 

Beniinee, 65, 67; nitro-. 68; mono- 
nitro-,68; dinltro-,70; triDitro-.71 

BemadoD, 114, 122 

Berthebt, 142, 144, 153. 160 

Black powder, 98; manufacture of. 
98-104; ingredients of, 98; prep- 
aration of ingredients, 98; sitting. 
99; mixing, 100; incorporation, 
100; mill-cake, 101; preae-cake. 
102; granulation, 102; dusting, 
103: glaiinK, 103; diying, !(&; 
packing, 103 

Blasting, 240-3 

Blasting gelatin. 160 

Blending, 131, 140 

Blow-pipe, 282 

Bloxam, 149, 167 

Blue fire, 53 

BN powder. 133 

Boiling, effect of, i 
121, 192 

Boree of guns, 
of, 107 

Breaking down machine, 101 

Bridges, demolition of, 243-246; ma- 
sonry. 244; wooden, 245; iron, 245 

Brawn powder, 104; manufacture of 
104; ingredients of, 104 

Brugire, 77, 80, 162 

Brufey, 112, 114-121; table, 118; 
general results, 119; 



1 nitrooellulose, 
of lengtlia 



db.Google 



DuitdingB, demolition of, 239 

Butyric acid, 90 

By-products, Dilro-,112, 121, 140, 177 

Cxi/jRinc intensity, 92-3, 96 

Calorific value, 92-3, 90 

Caps. 186-176. 227-8 

Cap compoBition, 173 

Carbolic acid, 74 

Carbohydrates, 67 

Carbonates 49 

Carbonyl, 64 

Care for diipment of explosives, 2S3- 
299, placarding, 294; loadbg. 
296-7; handling, 297. 299 

CelluloBe, 51, 82, 87-90, 190; an 
alcohol, 82, 109; structural, for- 
mula of. 88-9 

Certificates of shipment of explosives, 
300-302 ; manufacturer'B, 300 ; 
shipper's, 301; V. S. Government, 
301: car mspection, 301 

Oiambers in guns, 107 

Qiance-Qaua procesB, 59 

Charcoal, 51-64; function of , in enilo- 
sives, 61; source of, 62; cylinder-. 
62; pit-, 62; charring-, 62; mix- 
ture of, with BulpbuT, 63; mixture 
of, with nitrates, 63; absorption of 

CB by, 63; apontaneouB com- 
ion of, 63; from rye straw. 63; 

analysis of, 64 
Chargee for demolition, anangrawnt 

of. 262; 
Charing shell and torpedoes, 227_ 
Chenustty, principles of, 1; organic, 

21; inorganic, 22; objects, 22 
Chemical properties. 22 
Chili saltpetre, 54, 55 
Chlorates, 49, 51.58 
Classification of explosives, 91, 98, 

204, 205, 288 
Cleaning, of raw material before 

nitratmg cellulose, 125 
CoUodion, 114, 123 
Colloids. 123. 190, 198; ether-alcc^ol 

series of, 124. 133, 134; acetone 

Buries of. 324, 133. 134 
Collodiiation, 124, 129. 193 
Color tests, 76 
Combustion. 92 
Composition, cap, 173 
Compound explosive, 109 
Composite powders, 131-135. 162 
Condensation, 25; law of, 30^1, 39; 

of moisture, in mi 
Connecting up lead 
Cordite, 133, 135 



Cork-borer, 285 
Cork dynamite, 158 
CorpuBcukr theory of matter, 2 
CorpuBcule, 2 
Crucibles, 281 
CuadiU, 182, 163 

Dead oil, 72 

Decompodtion, 27, 95 

Deoom posing explosives, powder, 
221-2j guncotton, 139; nitro- 
glycenne, 152 

Dehydrating, 129, 193 

Deliveiy of powder, 131 

Deliquescence, 25 

Demolitions, 238-254; claseific&tioD 
of, 238; of revetment walls, 238. 
254; of buildings, 239; of msaonry 
bridges, 243, 254; of wooden 
bridges, 245; of iron bridges, 245; 
of suspension bridges, 247; of ma- 
sonry piers, 247. 254; of iron plates, 
248, 254; subaqueous, 248; of 
tunnels, 249; of stockades and bar- 
riers, 250, 254; of railroads, 250; 
arrangement of charges for, 252-3; 
weights of charges for hasty, 254: 
of trees and beams, 253, 254; of 
a brick wall, 254; of field guns, 
264; of «ege guns. 254; of sea- 
coast guns, 254; of steel rails, 254 

DeugnolTe, 80, 162 

Detonating explosives, 136-166 

Detonation, 95 

Die-press. 130 

Dimensions of powder grains, 190 

Dinitrocellulose, 111 

Dissociation, 26, 94, 96, 06, 108. 172 

Dope, 153 

Drowning, 127, 147 

Drying, powder. 103, 131, 194, 198; 
cotton, 128 

Dulong, 35 

DuBtbg, 103 

Dynamites, 153-169, 180, 220, 
227, 253; general and special 
meaning of, 163, 164; base, 153; 
dope. 153; kinds of, bases. 153; 
classification of, 153; inert, bases. 
153; active, bases, 153; modifica- 
tion of. bases to suit work, 153; 
kieselguhr. 154, 156; No. 1, 154. 
156, 157; No. 2, 154, 156, 157; 
No. 3. 154; manufacture of. 154. 
155; sensitiveness of , 155; igniting 
point of, 155; effect of heat on, 
155, 158; "leaking" of, l.'>5; 
freexing of, 155; thawing of, 166; 
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uae of, 156; limiting per cent of 
nitrogljrcerine in, 156; physical 
- properties of, 156; explosive force 
of, 156; examples of, 158; effect of 
light on, 158; Htorage BtabiUty of, 
158; effect of water on, 158; 
meona of exploding, 158; table ol 
dynamites, 159; gelatin, 162; heat 
test of, 180; etorage r^ulations 
of. 220 

E. C. powder, 135 
EcraBite, 77 

Kder. 112; eeriee of nitrations, 113 
Efficiency of powders, 132 
Kissler, 155 

Electric primere, 173-6 
Elements, S-i 
Empirical formula, 41 
Enuothermic, 26, 65 
English magazine regulations, 203 
Ether. 51, 65, 81, 110, 191, 223 
Ethyl, 64 

Ethvl alcohol, 81. 83 
Ethyl ether, 82, 84, 110, 191 
Evaporation, 25 
Evaporation dishee, 280 
Experiments, laboratory, 255-275" 
No. 1. Formation of metallic ox- 
ide, 255 
No. 2. Formation of metaUic hy- 
droxide, 256 
No. 3. Formation of non-metallic 

oxide, 257 
No. 4. Combination of acid and 

basic oxides, 258 
No. 5. Formation of an oxyacid, 

259 
No. 6. Formation of a hydracid, 

260. 
No. 7. Exchange of hydrogen for 

a metal, 260 
No. 8. Formation of an ova acid. 



No. 11. Formation of an ale salt, 
262 

No. 12. Synthetical reaction, 263 
No. 13. Analytical reaction, 263 
No. 14. Metathetical reaction, 264 
No. 15. Influence of temperature 

on chemical action, 264 
No. 16. Influence of liquid stato on 

chemical action, 264 
No. 17. Influence of insolubility in 

reactions, 265 
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Experiments, labortrtory (nmttnued) 
No. 18. Influence of volatiUty in 

reactions, 265 
No. 19. Influence of gaseous en- 
velot>e in reactions, 266 
No. 20. Catalytic action, 266 
No. 21. Disposing affinity, 267 
No. 22. Production of the alkahes, 

267 
No. 23. Production of the allcaJine 

earths, 268 
No. 24. Production of other me- 
tallic hydroxides, 269 
No. 25. Production ot oxygen, 269 
No. 26. Productionofhydropen,270 
No. 27. Production oi chlorine, 270 
No. 28. Production of carbon di- 
oxide, 270 
No. 29. Production of ammonia 

gas, 271 
No. 30. Production of hydrogen 

sulphide, 271 
No. 31. Production of nitric acid, 

272 
No, 32. Production of hydrochloric 

acid, 272 
No. 33. Test for soluble chloride, 

272 
No. 34. Test for soluble suli^te, 

273 
No. 35. Test for soluble hydrox- 
ide. 273 
No. 36. Test for soluble carbonate, 

273 
No. 37. Test for soluble calcium 

salt, 273 
No. 38. Test for a nitrate in solu- 
tion, 274 
No. 39. Test for a soluble iron 

salt, 274 
No. 40. Production of an acetone 

colloid, 275 
No. 41. Production of an ether- 
alcohol colloid , 275 
Exph>aers, 166-173; in^redienU of, 
166; associated matonals, 166; nec- 
essary to vaiy exploding composi- 
tions, 166; different pnmer com- 
positions for different explosivett, 
■"" full ■ ■ -— t . - . 



dd, 167; manufacture of mer- 
cury fulminate, 169: phyBi(»l prop- 
erties of mercuiy fulminate, 170; 
means of exploding mercury fi>I- 
minate, 170; volume of gasee, 170; 
heat of combination, 171; heat of 
combustion, 172; temperature of 
explosion, 172; explosive reaction. 
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172; preesure of explosion, 172; 
cap c»mpoBitioa, 173 

Expkidiiig machine, 229, 234-7 

ExploaiODs, 91-97; cUasification of, 
91; low order, 92; high order, 
92; progressive, 92 

ExploBive compound, 50, 109 

Explosive D, 163 

Explosive gelatin, 160-1S2, 253, 254; 
c&emicaTprinciple involved in, 160; 
proportion of ingredients of, 160; 
manufacture of, 160; color of, 161; 
stability of, 161; special primer 
for, 151; efEect of camphor in, 161; 
efiect of benzine in, 161- sensi- 
tiveness of, 161; effect of ireeEing 
on, 161; ^ect of high temperatures, 
161; gelatin dynamite, 162; sta- 
bility or beat test for, 151, 182; 
liquefaction teet for, 182; exuda- 
tion test for, 183 

Explosive mixture, 50, 109 

'Explosive molecule, 60, lOQ 

Explosive reaction, 47-8, 91 ; for 
gunpowder, 47; tor mercury ful- 
minate, 172; for guncotton, 145; 
for nitroglycerine, 151; for cordite. 
48; for picric acid, 48 

Explosives, general remarks on, 91- 
7; classilication of, 91; table of 
relative strengths of, 253; arrange' 
menl of charges for firing, 252-3; 
weights of charges of. for d^noli- 
tions, 254 

Exothermic, 26 

Explosive wave, 96, 143 

FiLTZRiNO paper, 279 
Fire-cracker composition, 09 
Fire-damp, 56 

iHreworks, transportation of, 292-3 
"Firing" in manufacture of mtro- 

glycerine, 147 
Firing a charge of explosive for 

demolitions, 227, 229 
Fixed proportions, law of, 27 
Fhslos, glass, 279 
Forbidden explosives, 2S8 
Forcite, 159 
Formic acid, 89 
Fortifying acid, 126, 148 
Fossano powder, 106 
Free-acid test, 178 
Friction composition, 68, 173 
Fulminates, 167-176; of goU, 167; 

of silver, 167; mercuiy, 167-173; 

manufacture of fulminate of mer- 

CU17, 169; transportation of, 291 



Fulmination, 96 , 

Fulminio acid, 167-8 

Funnels, 279 

Fusee, safety, transportation of, 297 

Furion, 25 

Gelatin dynamite, 162 

German heat t^t, 178, 185 

Giant powder, 157, 159 

Glazing, 103, 191, 199 

Glycerme, 51, 81, 86 

Grains, powder, 102, 106, 198 

Granulation of black powder, 102; 
of smokeless powder. 1 30, 194, 198-9 

Graphic formulas, 18-21 

Graphite, 191, 199 

Green fire, 58 

Guncotton, 128, 136-145, 253, 254; 
manufacture of. 136; primer, 137, 
231; physical properties of, 137; 
decomposing reagent, 13S; use of, 
138; safety of, 138: stability in 
storage, 138-9; evidences of de- 
composition of, 139; treatment of 
decompowng, 139; effect of liriit 
on, 139: effect of water on, 140, 
141; effect of NaCO, 



of 






141; 



I of temj>erature 

uEi, iti; [litmus of exploding, 142;. 
rale of burning of, 142; igniting 
point of, 142; specific heat of 
gasea resulting Irom explosion of, 
142; heat of explosion of. 142, 
144; temperature of explosion of, 
142; pressure of gases resulting 
from explosion of. 142-3, 144; 
explosive wave of, 96, 143; primers 
for, 143; induced or sympathetic 
explosions of, 144; products of 



Handuno explosives. 226-237; pre- 
cautbns to be taken in, 226; 
in transportation, 296, 297, 299, 300 

Heat, effect of. on nitro-molecules. 
140, 177; general effects of, 26. 36, 
95; of combustion, 93; tests. 128. 
177. 180, 182, 184, 185, 196, 200, 
222, 223 

Hecia powder, 169 

Hercules powder, 159 

Hexagonal powder. 102, 106 

High explosion, 92. 95 

High explosive, 91, 135-165; ship- 
ment of, 289; trade- """ 
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High nitration, 122 
Humidity of maguineB, 209, 211 
HydrocarboDs. 51, 04 
Hydrocellulose, 90. 122 
Hydronitrocellulose, 122 
Hydroxides, lb. 81 
Bydroxyl, 15. 17, M 

Induced exploEioas, 144 

Indurite, 69, 134 

ingredients of charcoal powders, 

black, 98; browQ, 104 
Insolubility, principle of, 37 
Insoluble nitroceUuloae. 122, 123 
Inspection of potrder, 221-3; of 

C8T9 for transportation of explo- 

sives, 301-2 
Igomerides, 70 
Interpretations of regulations for 

transportation of expkisives, 302—4 



Ketones, 60 
Kieeelsuhr. 154 
Kikuli, 167 

Laboratort experiments, 255-275 
(aee "ExperimentB"); apparatus 
and materials, 276: notes, 277 

LafliD and Rand exploder, 234-7 

Lamps, 281 

I^aw, Avogadro's, 28; of fixed pro- 
portions, 271; of multiples, 27; 
of condensation, 30-1, 39 

"Leaking" dynamit«, 155 

Length of bores oC guns, 107 

Light, effect of, 139, 223 

Light oil, 72 

Lifting magaiines, 218-9, 223 

Limit Blaie of nitrocellulose, 121 

Lodge, Oliver, 203 

Lot of powder, 126 

Low expIosioD, 92 

Low explosive, 91 

Low nitration, 122 

Lunge, 112 

Lyddite, 77. 162 

Macaroni press, 130 

Magaiines, 202-217; storage, 203; 
service, 203; Enghsh, regulations, 
203; beating of, 203; claasitication 
of explosives for storage, 204, 205; 
condi^Lions, 204, 206, 227; limiting 
temperatures tor, 206; artange- 
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ment of packages in, 208; ventila- 
tion of, 206; special, regulations 
for high explosives, 219-221; regu- 
lations for powder. 221-5; record 
book, 223; regulations of the 
Ordnance Department, U. S. Anny, 
224 

Masneto-exploder 229. 234 

Mallet, Dr. J. W., 82, 87 

Mammoth powder, 105 

Marking of explosives for shipment, 



lOf, 1 



Matt«r, fom 

Maxim 163 

Maximite, 163 

Haxim-Schupphaus powder, 134, 135 

Maximum pressures in bores of 

guns, 107 
Meal powder, 102 
Mean nitration, 122 
Mellinite, 77, 162, 253 
Mendel^efs V,„ relation, 47, 48; 

experiments, 132; pyrocoUodion, 

114, 132, 134 
Mercury fulminate, 169, 176 
Metals, 3-4 
Methyl, 64 
Microcrith, 34 
MiU-cake, 101 
Mines, land, 251-2 
Mirbane oil, 68, 69 
Misfire, 227 
Mixtures, 23, 50, 109 
Moisture, 209 
Molded powders, 106 
Molding- press, 136 
Molecule, 1, 2, 5, 6, 7, 24, 28, 50, 109 
Molecular formula, 7, 42 
Moitsrs, 286 
Mowbray, 152 
Multiples, law of, 27 
Munroe, 70, 143, 149, 166, 173 

Naphthalene, 72-4 

Nascent state, 37-96 

Navy powder, 134, 135 

Navy primer, 173 

Nitrates, 49, 61 

Nitrating acids, 126 

Nitre, 51 

Nitre-bed 51 

Nitrocellulose, 109-122, 126, 135, 
191, 195, 196, 200; Bruley's 
experiments with, 112- 121; 
nitro-by-products aBBociat«d with 
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121; cause affecting the nitra- 
tion of celluloBe. 120: time of 
steeping of, 120; Wifl'o experi- 
ments witb, 121 

Mitr^ycerine, U5-153, 253, 254; 
manufacture of, 146; "firii^" of. 
147; pbyaicoi properties of, 148; 
eflectof cold on, 140; solubility of, 
i49;decompoai[ig reagent, 149, 1S2, 
153; color teat of. 149; physical 
tesU of, 149; thawing of, 149-150; 
stability of, 150; evidencea of de- 
compositioa of, 190, 152; temper- 
ature limits for storage of, 151; 
means of exploding, 151; danger 
of empty, receptacles, 151; ex- 
pWve reaction of, 151; gaseouB 
products of explosion of, 152; 
tanpersture of, explosion of, 152; 
forceof explosion of, 152; dangeroi 
transporting, 152; storage of, 152; 
heat lest of, ISO; storage regula- 
tions for, 219, 220; ponder, 135 

NitrohydrocelluloBe, 122, 161 

Nitrogen, oxidation of N of air, 65; 
content, 112, 119, 195, 197, 200 

Nitryl, 17, 60, 64 

Nobel. 142. 151. 152, 154, 160 

Nomenclature, chemical, 9-16; of 
nitrocelluloaes, 122 

Notation, chemical, 5-7 

Notes, laboratory, 277-286 

Notodden process of oxididng nitro- 
gen of the air, 55 

Olefins, 65 
Oxides, 9-12 
Oxygen, 51, 53, 57 

Packing of explosives for shipment, 



ParafBns, 65 

Parchment paper, 89 

Percentage composition, 41 

Perforated prism, powder, 106 

Percolation of water in magazioee, 21 1 

Petit, 35 

Phenol, 51, 74; trinitro, 76 

Phenolphthalem, 76, 178 

Phenyls, 66 

Physical teets of powder grains, 200 

Physical properties, 22; of powder, 

101 
Picric acid, 76; manufacture of, 77, 

228. 253; derivatives, 162 
Piprates, 79, 80; ammonium, 80 
Picker machine in manufacture of 

nitrocellulose, 125 



Piers, bridge, demolition of, 247 

Plastoraenite. 135 

Poacher, 128 

Poaching. 192 

Potaesiuw-iodide-etaK^ heat teat, 
178 

Potassium nitrate, 51 

Powder B, 134 

Powder UN, 133, 135 

Powders, charcoal, 98-106; nitrocel- 
lulose, 98, 109; black, 98, 253, 254; 
brown, SS, 104; meal, 102; special. 
105; prismatic, 105; mammoth, 
105; pebble, 105; Fossano, 106; 
ntt^, 134, 135; army, 134, 135; 
U. a. Service sped Sea tions, 187- 
201; finished, 198; magaiine ex- 
aminations, 221-5; transpoTtatioD, 
287-304 

Precautions, 226. 227, 228 

Preparing a charge for finng 230-7 

Press-cake, 102 

Pressures, 94, 132, 172, 190 

Primer cartridge, 231 

PrimeiB, 166, 176, 227, 228, 231; 
commercial, 174; navy, 173; army 
175; primer cartridge, 231 

Progressive explosives, 91, 98 

Propelling explosives, 91 

Properties, general, of important 
substances^ 49 

Propionic acid, 90 

Pulper, 128 

Pulping, 192 

PunfJcation, 121, 127 

Pure colloid powders, 131. 133, 134 

PyrocellukiBe, 123 

I^TOcollodion , 114 

I^rotechnic composition, 68 

QniNONB, 66, 82, 87 

Rackahock, 70, 77, 253, 289 

Radicals, 17, 64 

Railroads, demolition of, 250 

Railways, transportation of explo- 
sives on, 287-304 

Reactions, chemical, 7-9, 39, 91 

Reagents, chenical, 276. 277 

Red fire, 58 

Rendrock, 157 

Revetment walls, demolition <rf 238 

Rifleite, 134 

Rodman, Gen. T. J., experiments of, 
104 

Roux, 142 

Rubber sheeting, 286 

Rubber stoppers, 285 
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Rubber tubtog, 285 

Satbtt precautions, 226-9 

Safety nitro pondera, 55, 15' 

Salts, ID, 14 

Saltpetre, 51 

Samples of powder for te^t, 1&4, 198, 

190 
Sarrou, 142, 144 
Schaw, R. E., 245 
SchultBe powder, 135 
SchweitiOT'B reagent, 89 
Shell fillen, 67, 162-5: oonditionB 
preecribed by C S, Ordnance 
Boaid, 163-5: charging of, 227 
Shimose shell-filler, 77 
Shipment of esplosivee, 1 31 , 287-304 
SmokelesB powder, manufacture of, 

125; Bhipment of, 290 
Sodium carbonate, 141, 191 
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Solubilities, general, of Bubstancen, 40 
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